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Abbreviations: 


(TA) 


- Technical Article, (N) 


- News, (FP) - Feature Product, (SR) - Staff Report. 





Acoustic Wave Devices 


mw 71 GHz Acoustic Wave 
Filters Offer 500 MHz Band- 
widths, (N), Feb, p. 14. 


gm Rocky Road Seen For SAW 
Applications, (N), Aug, p. 10. 


gm Surface Acoustic Wave 
Oscillators Operate Into 
Mircowave Range, (N), Feb, 
p. 28. 


Amplifiers 


gw Build A 12 Octave Hybrid 
Amplifier, (TA), June, p. 54. 


m Clean Up Your Design 
With A Systems Approach, 
(TA), Jan, p. 48. 


mw Designing Amplifiers For 
Optimum Noise Figure, (TA), 
Apr, p. 36. 


a Designing Compact Log 
Amps, (TA), Apr, p. 58. 


z Drop-in l-f Preamps Ex- 
hibit Linear AGC Response, 
(PF), Aug, p. 64. 


mu Dual-Gate FET Amp Offers 
Variable Gain, (N), Aug, p. 
26. 


ws 80 GHz Impatt Amplifier 
Designed For mm Repeater, 
(N), Apr, p. 30. 


gs Gunn Amplifiers Come Of 
Age, (TA), Apr, p. 52 


w Hybrid Combined Transistor 
Amplifier Delivers 500 W cw, 
(N), June, p. 9. 


aw Linearizing Amplifiers For 
Multi-Signal Use, (TA), Apr, p. 
46. 


m Microwave Power On The 
Rise . . . Through Improved 
Devices And Combining Tech- 
niques, (N), Apr, p. 9. 


g Miniature 5-500 MHz Unit 
Amplifiers Deliver Up To 20 
mW With 13 dB Gain, (PF), 
Jan, p. 60. 


aw 150 W L-Band Amplifier 
Has 15 Ns Rise/Fall Time, 
(PF), Apr, p. 66. 


mw Optimizing Multi-Stage 
Amplifiers For Linearty, Part 
1, (TA), May, p. 60. 


w Optimizing Multi-Stage Am- 
plifiers For Low Noise, Part |, 
(TA), Apr, p. 62. 


m Predicting Linear Power 
Amplifier Performance, (TA), 
Feb, p. 56. 


a Wideband Log Amplifiers 
Handle 10 ns Pulses Over 60 
dB Dynamic Range, (PF), Jan, 
p. 60. 


Antennas and Phased 
Arrays 

m Array Fight To 
Shave’ Component Costs, (N), 
Sept, p. 10. 


Designers 


w Attractive Antenna Offers 
Performance Bonus, (N), Sept, 
p. 9. 


a Conformal 
Analytical 
Sept. p. 42 


Arrays Pose 
Problems, (TA), 
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gm Conical Beam Antenna De- 
veloped For Maritime Satel- 
lite, (N), Aug, p. 26. 


wm Equi-Area Projection Im- 
proves Antenna Analysis, (TA), 
Mar, p. 64. 


w Graph Aids Phased-Array 
Design, (TA), May, p. 59. 


mw /nexpensive Phasers Slash 
Array Costs, (TA), Sept, p. 36. 


gm Knitted Antenna Solving 
Knotty Problems, (N), Mar, p. 
14. 


a Limited Scan Antenna Cut 
Costs For Sat Terminals, (N), 
May, p. 10. 


m Measure Axial Ratio Error 
Accurately, (TA), May, p. 58, 
59. 


a New Antenna Calibration 
Measurement Developed, (N), 
June, p. 10. 


ms Nomograph Saves Time In 
Converting Antenna Gain, 
(TA), Mar, p. 54. 


mw The Crux Of Flux In Free- 


Space Loss, (TA), Sept, p. 48. 


m Weather Watchdog To Use 
Electronically Despun S-Band 
Array, (N), May, p. 9. 


gs World's Largest Radio Tele- 
scope Being Developed, (N), 
July, p. 9. 


Commercial Products 


mw Automobile Pulse Radar 
Reduces False Alarms, (N), 
Feb, p. 12. 


ws Fool-Proof Auto Radar De- 
veloped In Japan, (N), Apr, p. 
30. 


um Vatican Museums Protected 
With Microwave Sensors, (N), 
Feb, p. 28. 


Communications 


mw AT&T Loses Ground To 
FCC Court, (N), Nov, p. 19. 


a AT&T Private-Line “Conflict 
Heats, (N), Feb, p. 24. 


m Balloons Raise Repeaters 
For Greater Range With Less 
Power, (N), Jan, p. 9. 


w British P. O. Approves New 
MW Tower To Beam To 
France, (N), Jan, p. 26. 


w Cable Outlook Bright, Fore- 
casts OTP Report, (N), Mar, 
p. 23. 


a Digital Modulation Tech- 
niques Okayed, (N), Nov, p. 
19. 


mw FCC Clarifies Microwave 
Rules, (N), Oct, p. 19. 


a FCC Gives Green Liaht To 
Specialized Com 1 Carriers, 


(N), June, p. 24 


w FCC Gives Packet New 
Carrier Role, (N), Jan. p. 21. 


mw FCC Reallocates Spectrum 
For Common Carriers, (N), 
Aug, p. 21. 


w FCC Vacancies 


Finally 
Filled, (N), 


July, p. 21 





mw FCC Vacancies Still 
Abound, ({N), Apr, p. 24. 


wm FCC Will Peak At Bell Sys- 
tem Tariffs, (N), Sept, p. 20. 


a FCC Will Peek At Unrouted 
Message Traffic, (N), Jan, p. 
22. 


ws First European Digital Line 
System Under Test, (N), May, 
p. 26. 


a /TT Will Join Private Line 
Field, (N), Nov, p. 20 


ws /nterconnection Disputes 
Surface Again, (N), Mar, p. 
23. 


a MCi Wants Fairness Doc- 
trine Expanded, (N), Mar, p. 
24. 


mw New Faces At OTP, FCC, 
(N), Feb, p. 23. 


mu New OTP Head “Eger” To 
Please, (N), Dec, p. 20. 


m OTP Proposes Cable Leg- 
islation, (N), June, p. 23. 


mw Reduced Fee Schedule Of- 
fered By FCC, (N), Oct, p. 22. 


ms Senate Bill Would Abolish 
OTP, (N), Jan, p. 21 


wm Specialized Carriers—A 
Boom For Telecom Equipment 
Manufacturers, (N), Jan, p. 10. 


mw Supreme Court Gives Big 
Win To Cable, (N), Apr, p. 24. 


ma Swiss Buying High-Capacity 
Data System, (N), Sept, p. 26. 


w The Year Of Giant Growth 
Arrives For Land-Mobile Com- 
munications (SR), Jan, p. 38. 


mu World's Highest Communi- 
cations Tower Planned For 
Toronto, (N), May, p. 26. 


Components 


m Coax Connector Checks 
Multi-Moding Up To 43 GHz, 
(N), May, p. 14. 


gw Looking For A 3 To 8 dB 
Microstrip Coupler?, (TA), 
Mar, p. 58. 


m= Polyester Package Leads To 
$60 Hybrid Coupler, (PF), Aug, 
p. 64. 


a Take The Hassie Out Of 
Microstrip Coupling, (TA), 
July, p. 48. 


uw Watch Out For Spurious 
Reflections, (TA), May, p. 44. 


mw Waveguide In Waveguide 
Expands Bandwidth, (TA), 
Nov, p. 74. 


Design 
CAD With Graphics Make 


Design A_ Science, 
June, p. 42 
w Clean Up Your Design With 
A Systems Approach, (TA), 
Jan, p. 48 


Diodes 


gm Take The Troubie Out Of 
Diode Mounting, (TA), Nov, 
p. 78 





Economic Outlook 
a Army Study Boost Con- 
tracts, (N), Apr, p. 23 


au Bell's Monopoly Sacked By 
OTP, (N), Sept, p. 20. 


a Bill Would Cut Contract 
Headaches, (N), July, p. 21. 


a China Rebuffs U. S. Trade 
Mission, (N), Oct, p. 26. 


ws Commerce Department 
Boosts Industry, (N), Feb, p. 
23. 


uw Congress Clears Defense 
Appropriations, (N), Nov, p. 
19. 


gw Defense Dept. Supplementai 
Clears Both Houses, (N), June. 
p. 23 


mw Experts Give Trade Bill 50- 
50 Chance, (N), May, p. 24. 


mw Higher Defense Spending 
Likely, (N), Dc, p. 20. 


mw /RS Opens Door For Pen- 
sion Reform, (N), June, p. 12. 


a /ndustry /s Bullish On Ford 
Administration, (N), Sept, p. 
22. : 


wm /ndustrial Outlook Bright. 
Commerce Dept. Reports, (N), 
Dec, p. 19. 


a MARV Contract Goes To 
Lockheed, (N), Oct, p. 19. 


ua Metric Bill On Its Way, (N), 
Apr, p. 23. 


m Missile Contracts To Soar 
In New Defense Largesse, (N), 
Mar, p. 24. 


mw Monopoly Subcommittee 
Focuses On AT&T, (N), Aug, 
p. 22. 


m OTP Budget Chopped In 
Senate, (N), Sept, p. 22 


gs Portable Pensions Are 
Cleared By President, (N), 
Oct, p. 22 


ma Portable Pensions At Last?, 
(N), Nov, p. 10 


wu Slow Growth Projected For 
Mw _ Industry?, (N), Dec, p. 
14. 


@ Soviets Eager To Buy... 
But Doing Business Is Tough, 
(N), June, p. 36. 


a Trade Policies: Subject Of 
Review Here And Abroad, (N). 
Nov, p. 24. 


ECM 


a Britain Investigates Smart 
Bombs, (N), June, p. 36. 


gs Chirping 
For ECM 
Dec, p. 54. 


RPM Data Lin> 
Protection, (TA), 


w Mini-RPV's For Cheap And 
No Risk Air Power, (SR), Oct. 
p. 40. 


gw Transplexing SAW Filters 
For ECM, Part |, (TA), Dec. 
p. 43. 
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Filters 


a Determine Filter Loss 
Quickly And Accurately, (TA), 
Aug, p. 52. 


Front Ends 


gw Calculate The Effects Of 
Noise On ECM Receivers, 
(TA), Oct. p. 65. 


a Integrating Components 
For New Front-End Design, 
(TA), Aug, p. 35. 


a What To Look For In Mixer 
Specs, (TA), Nov, p. 48. 


gw World's Largest Radio Tele- 
scope Being Developed, (N), 
July, p. 9. 


instrumentation and 
Measurement 


w Add Power To Your Net- 
work Analyzer, (TA), Oct, p. 
51. 


a Calculate Temperature Rise 
Quickly Under High-Power 
Testing, (TA), Jan, p. 59. 


w Coaxial Resonator Simpli- 
fies Permittivity Measurements, 
(N), Oct, p. 26. 


w 18 GHz Automatc Counter 
Sells For Under $4000, (CF), 
Nov, p. 59. 


gw Extend Transmission Dis- 
tortion Testing To Microwave 
Bands, (PF), Sept, p. 76. 


w How Sharp Are Your Skills 
At Trace Photography?, (N), 
Sept, p. 66. 


a /mproved TDR Techniques 
And Equipment Emerging, 
(N), Nov, p. 35. 


a Measuring Hard-To-Get- 
At Impedance By Translation, 
(TA), June, p. 68. 


a NBS 56-65 GHz Metrology 
Capability Ready For Cus- 
tomers, (N), Sept, p. 60. 


a Noise Transmitter Cuts Ex- 
pense Of Noise Load Testing, 
(CF), Oct, p. 58. 


w Power Meters: New De- 
signs- Add Accuracy And Con- 
venience, (SR), Nov, p. 38. 


w Probe Extends Handheld 
DMM To 500 Mhz, (PF), Aug, 
p. 68. 


w Simple DC Tests Predict 
Transistor Performance, (TA), 
Feb, p. 48. 


@ $16,000 Frequency Syn- 
thesizer Covers 100 MHz To 
18 GHz, (PF), May, p. 67. 


w Radio Astronomy May Help 
Forecast Earthquakes, (N), 
Nov, p. 9. 


g Spectrum Analyzer Covers 
10 MHz To 40 GHz With 70 
dB Oynamic Range, (PF), 
June, p. 69. 


a Sweeper Modules Deliver 
Over 16 dBm, {PF), Jan, p. 
61. 


w Understand Resolution For 
Better Spectrum Analysis, 
(TA), Dec. p. 32 


w Y Factor Curves Simplify 
Noise Evaluations, (TA), Aug, 
p. 48. 


Lasers and Holography 
a Diffraction Grating Extends 


BW Of GO Waveguide Laser, 
(N), Jan, p. 12. 
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m GaAs Laser Uses lon Im- 
plantation, (N), Apr, p. 14. 


m Laser Fusion: An Alterna- 
tive Energy Source?, (N), Feb, 
p. 10. 


m Point Sources Laser Has 
Filamentory Active Region, 
(N), Nov, p. 24. 


w Simple Circuit Triggers 
Lasers, (TA), Jan, p. 54. 


mw Transfer Chemical Laser 
Delivers 13% Efficiency, (N), 
Jan, p. 14. 


mw 0.3 MM X-Ray Waveguide 
Developed, (N), June, p. 10. 


Microwave Sources 


gw Desig A High Power S- 
Band Dceubler, (TA), June, p. 
58. 


m Getting The Drift Of VCO 
Instability, (TA), Mar, p. 42. 


ga Gunn Oscillator Array Belts 
Out 45 W Peak At 16 Ghz, 
(N), Sept, p. 26. 


a /nvar Disc Improves TEM 
Cavity Stability, (TA), Aug, p. 
58. 


wm Low-Noise Japanese /m- 
patt Source Developed At 80 
GHz, (N), Aug, p. 26. 


a Microstrip M-M Wave 
Source Achieves 1/4 W Out- 
put At 30 And 60 Ghz, (N), 
Aug, p. 9. 


m MW Sources Improving In 
Tuning And Stability, (SR), 
Mar, p. 36 


mw Modular Source Boasts 
VCO Bandwidths And Crystal 
Stability (PF), Dec, p. 62. 


Millimeter Waves 


a Bell's Millimeter System 
Hits The Dirt, (N), Oct, p. 12. 


mw French Evaluate M-M Wave 
Communications System, (N), 
Sept, p. 26. 


mu Microstrip M-M Wave 
Source Achieves 1/4 W Out- 
put At 30 and 60 GHz, (N), 
Aug, p. 9. 


a MICs Invade Millimeter 
Wavelengths (N), Aug, p. 14. 


mu M-M Radar Tracks Low- 
Flying Targets, (N), Dec, p. 
12. 


m M-M Transceiver Provides 
Covert Communications, (N), 
Oct.o..-3. 


ws Multiplexers Tested For 
Britain’s Developing M-M 
Communications, (N), Oct, p. 
26. 

w New Transmission Media 
Emerging For Millimeter 
Wavelengths, (N), Sept, p. 12. 


a Simple Mode Filters De- 
veloped For M-M Communi- 
cations, (N), May, p. 26. 

mw Sweden To Get 66 Ft. M-M 
Radio ‘Telescope, (N), Mar, p. 
26. 

ws 30 Ghz Digital Data Link 
Foids Flat For Easy Handling, 


(N). July, p. 24. 


Miscellaneous 


w Microwaves: Hazardous To 
Your Hea/th?, (N), July, p. 21. 


wm Patent Policy Attacked By 
Nader Group, (N), Mar, p. 24. 
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Radar 


w Aegis Gets Set For Sea 
Trials, (N), Apr, p. 12. 


gm Air Force Okays Traffic 
Radar System, (N), Mar, p. 23. 


a Are We Really Ready For 
S-Band ‘Solid-State Arrays?, 
(TA), Mar, p. 46. 


m Computer-Scanned Radar 
Eyes Ice, (N), Dec, p. 9. 


w Doppler Radar Boasts De- 
sign Innovations, (TA), Oct, 
9. 72. 


mw European Air-Traftic Con- 
trol Market To Grow 2.5% 
Annuaily, (N), Nov, p. 24. 


a ‘Fire-Control Radars Take 
A Modular Look, (N), Mar, p. 
9. 


= For High-Power Protection 
. . . Try Multipacting, (TA), 
July, p. 52. 

m Phased Arrays To Update 
Mobile Radar Instrumentation, 
(N), Apr, p. 18. 


mw Radar Marries The Mini- 
computer For Low-Cost Versa- 
tility, (N), Nov, p. 12. 


a Weather Radars Get Fed- 
eral Largesse, (N), Apr, p. 23. 


Research and 
Development 


mw Do You Hear What ! Hear?, 
(N), Feb, p. 9. 


m New Theory Proposed For 
Hearing Microwaves, (N), 
Oct, p. 10. 


Satellite 
Communications 


mw AT&T To Lease More Satel- 
lite Circuits, (N), Aug, p. 21. 


m Another Green Light For 
AEROSAT Launch, (N), July, 
p. 22. 


ms Brazil To Get Second 
Satellite Ground Terminal, 
(N), Jan, p. 26. 


mw COMSAT Hot Over ITT 
Worldcom Hotline Contract, 
(N), Jan, p. 21. 


a DOD's Space Shift Prompts 
Budget Boost, (N), May, p. 24. 


mu FCC /ntervenes Over Satel- 
lite Consortium Rift, (N), June, 
p. 23. , 


m FCC, Justice, Could Clash 
On IBM Satellite Bid, (N), 
Sept, p. 22. 


gw FCC's Navy/Marisat Order 
Draws Heavy Flack, (N), Aug, 
ee 


m FTC Justice, Would Scuttle 
IBM's Satellite Plans, (N), 
Nov, p. 20. 


gw /nexpensive Receiver De- 
veloped For Satellite Broad- 
casting, (N), July, p. 24. 


a /taly To Get ERTS Ground 
Station, (N), July, p. 24. 


@ Launch Failure Sets Back 
Britain's Skynet If, (N), Mar, 
p. 26. 


a Maritime Administration 
Teams With COMSAT, — (N), 
Feb, p. 23. 


mw Meteosat To Provide !m- 
proved Satellite Weather Pic- 
tures, (N), Jungs, p. 36. 





w Muzac tyes Domsats For 
Nationwide Distribution, (N), 
Get. p. 42. 


a NASA Gets Budge: Moves 
Toward More Satellites, (N), 
May, p. 24, 


ew OTP Updates Satellite 
Broadcasting, (N), Oct, p. 22. 


a OTP’s Updating Communi- 
cations Satellite Act, (N), Jan, 
p. 22. 


a RCA Inaugurates Domestic 
Satellite Service—Others To 
Follow, (N), Apr, p. 14. 


a U.S. Earth Station To Track 
Russian Birds, (N), Apr, p. 
te. 


Semiconductors and 
MICs 


ws Automatic Load Contour 
Mapping Devised For Power 
Transistors, (N), Sept, p. 64. 


gw Siasing FETs For Optimum 
Performance, (TA), Feb, p. 38. 


a /mproved Stability Offered 
With Dual-Gate FET, (N), Jan, 
p.. “26. 


a Match Impedances With A 
Variable Transformer, (TA), 
Nov, p. 69 


ga New Transistor Plant Opens 
In France, (N), Jan, p. 26. 


a Simple DC Tests Predict 
Transistor Performance, (TA), 


Feb, p. 48. 


m 2 GHz Transistor Belts Out 
20 W cw With Infinite VSWR, 
(PF), Apr, p. 66. 


Systems 


a Canada Certifies MLS For 
STOL Operations, (N), June, 
p. 14. 


g Hawk Missile Systems In 
Europe Updated, {N), Mar, p. 
26. 


a Interim MLS System Chosen 
By FAA, (N), Oct, p. 19. 


a MLS Symposium Notes Re- 
leased By FAA, (N), Aug, p. 
22. 


m Mariner Peers At Planets 
With X- and S-band Eyes, 
(N), July, p. 12. 


a MW Data Bus: An Avionic 
Information Artery, (N), July, 
p. 34. 


w Radio Astronomy May Help 
Forecast Earthquakes, (N), 
Nov, p. 


Tubes 


w Collector Keeps its Cool 
By Riding Outside Of Space- 
craft, (N), May, p. 12. 


a Dual-Mode TWTs: The Nitty 
Gritty, (TA), May, p. 38. 


ws Multi-Beam TWTs, Tomor- 
row's Tube Today!, (TA), 
Sept, p. 50. 


a To Grid, Or Not To Grid?, 
(TA), May, p. 52. 


@ 200 kW S-Band Klystron 
Has TWT BW Capability, (N), 
Jan, p. 26. 


a Want More Power From 


Your TWTs?... Parallel’em, 
(TA), p. 38, July. 
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Raytheon Microwave Diodes 
For lough Customers 


¢ PIN Diodes ¢ Impatt Diodes ¢ Step Recovery 
Diodes * Tuning Varactors ¢ Tunnel Diodes ¢ 
Back Diodes ¢ Picosec Switching Diodes ¢ Para- 
metric Amplifier Varactors: 

A full range of state-of-the-art diodes with the 
consistent “unit-to-unit” high quality tough custo- 
mers demand. To achieve it, we start with great 
operating specs then add rigid, unbiased quality 
control procedures. Our separate Q. C. depart- 
ment keeps our production managers on their 
toes — and our buyers happy. Yet, every Raytheon 
diode is competitively priced. 

As for the specs, check these examples: 
Fast-switching PIN Diodes (< 5 nanosec) with 
extra low capacitance (< 0.1 pf). Choice of anode 


MicroWaves is published thirteen times a year—every month plus one reference issue—by Hayden Pubiishing Company, Inc. 50 Essex St., 
Park, N.J. 07662. James S. Mulholland Jr., President. Printed at Brown Printing Co.,  Inc., 


or cathode heat sink . . . wide range of package and 
chip configurations. Gallium Arsenide Tuning 
Varactors that are high on Q ( >5000) and 
capacitance ratio—5 to 1... low on RF loss and 
leakage current. In every type of Raytheon diode — 
excellent specs . . . consistent quality . . . on-time 
delivery . . . competitive pricing. 

If you think you're a tough diode customer, 
we want you. And you'll want Raytheon. Get all 
the facts on the full range of Raytheon microwave 
diodes. Contact Raytheon Company, Special 
Microwave Devices Operation, 

130 Second Avenue, Waltham, 
Mass. 02154. Tel. 617-890-8080. 
READER SERVICE NUMBER 91 


Rochelle 
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The Winners 


From the Better Performers... 


You can finish first in your race. Whether it’s performance, price, delivery or any combina- 
tion, let Teledyne Microwave help you get the checkered flag. 


The standard models from Teledyne Microwave out perform many specials from other com- 
panies. If your race requires something extra, just ask us; we'll help you win. Check the specs 
on some of the Teledyne winners. 


WINNER #1 ~ 

10-20 Giz leolator 

Isolation 17 dB < 
’ Insertion Loss 0.7 4B 
VSWR 1,35:1 
Temperature = = 54 to ° 
85°C 
Size .68 1 x 56 


2 


.@ 


= * 
P WINNER #2 4 
~  Single-Pole-2-throw 
Coaxial Switch. 
Fréquency 0-18 GHz 
isdlation 60 dB - 
* VSWR 1.5:1 ‘ 
“Insertion loss 0.5 dB’ 
Actuator 28 VDC. 170 Ma 
Size: 1.5 x 1.5 x .50 
eo * 


ye aee #3 : 
4=8 GHz Octave Band 
Combline. Filter 
insertion Loss 1.0 dB 
VSWR 1.4:% 
Rejection 50 dB @ 0-3 
GHz 
9-18 
no . 
~ Size 3 75x. 


ISH Ee 


Win your races; specify 
Teledyne Microwave 
devices. Circle reader 


response Number 1 to 

obtain the latest 

standings. 
MICROWAVE 1290 Terra Bella Mt. View, CA 94040 (415) 968-2211 TWX (910) 379-6939 
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9 WATTS 
for the price of 
2 watts — 


That's right. Now you can have Weinschel quality and perform- 
ance at prices other manufacturers are charging for 1 and 2 
watts. 


Our new line of medium-power Fixed Coaxial Attenuators, 
Models 1 and 2 feature: 


= POWER CAPABILITY — Models 1 and 2 handle 5 watts 
average, 1 kW peak. Models 1A, 1B, and 2A capability 
is 5 watts average, 500 watts peak. 


HIGH TEMPERATURE ENVIRONMENT — Without 
forced air cooling or heatsinking, 5 watts average power 
at 25°C derated linearly to 1 watt at 105°C and 0 watts 
at 125°C. 


HIGH REPEATABILITY CONNECTORS — Repeatable 
insertion loss and low SWR are the result of using molded 
beads which captivate the inner contacts to the connector 
body. A mated pair of Weinschel Type N connectors has 
repeatability of better than 0.02 dB to 12.4 GHz and 
better than 0.03 dB to 18.0 GHz (These are 2.7 o, 99.3% 
probability values.) Designed to meet IEEE Standard #494 
for test connectors including concentricity. 


RUGGED CONSTRUCTION — Meets all environmental 
requirements of MIL-A-3933. 


STABILITY — Low temperature and power coefficients. 
Weinschel film resistors are artificially aged to provide high 


stability under normal as well as extreme operating con- 
ditions. 


The reputation for quality and per‘ormance is norma'ly associ- 
ated with higher prices. You will find that our price/perform- 
ance ratios are the most competitive in the industry. 


SNIMIINISNG 
JAWASNVARA 


No matter what your RF attenuator application is in the DC 
to 18.0 GHz field, our off-the-shelf attenuators will satisfy 
the most demanding requirements. 


For detailed specifications on our complete line of DC to 


18.0 GHz fixed, variable and step attenuators write or call 
us today. 
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WEINSCHEL ENGINEERING 


Gaithersburg, Maryland 20760 - Tel: (301) 948-3434 
TWX: 710-828-9705 


Los Angeles, Calif. Tel: (213) 475-4010 


Tomorrow's Microwave Technology Today fee 


READER SERVICE NUMBER 2 
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$7.25 DOUBLE-BALANCED MIXER 
OR POWER SPLITTER! 
MINI-CIRCUITS QUALITY....LOWEST PRICE! 


It’s simple once you 
make an initial commit- 
ment to invest in the 
product and remove 
the unnecessary frills. 

Keep costs low by clearly defining 
the customers’ needs, tailor your 
product line with standard, off-the-shelf 
items... then watch the savings from 
automated mass inventory, records, 
and multiple-part production and lower 
costs for in-buying. 

For example, the package shown 
is used for our full family of low-level and 
high-level mixers and power dividers; in- 
dividual cost is low ona quality package 
because we buy them in large quantities. 

In addition, only one type of 
specially fabricated fixtures and test 
jigs are used for all our models. 


CHECK THESE FEATURES: 
. 100% visual inspection and test. 


Each unit is individually tested 
three times during assembly. 


. COMPONENT BONDING and soldering 


techniques for a more rugged, 
shock-proof unit. 


. OPTIMUM PERFORMANCE 


by providing worst case derating. 


. ENGRAVED MARKINGS for 


permanent module identification. 


. HOT CARRIER DIODES used 


exclusively—every diode tested 
and matched to achieve extra 
isolation. 


. DELIVERY TIME-ONE WEEK 


or less for emergencies when 
delivery means getting the job. 


CONVINCE YOURSELF... 
Place your order NOW and check our... 


PERFORMANCE ... our RELIABILITY... our DELIVERY 





SRA-1 
LOW-LEVEL MIXERS 
$7.95 (500 quantity) 


Frequency Range IF DC to 500 MHz 
LO, RF’ .5 to 500 MHz 

Isolation 40 dB 

Conversion Loss 6 dB 

Size .13 cubic inches 

Metal Case 





PSC-2-1 
POWER SPLITTER/COMBINER 
$7.95 (500 quantity) 


Size .13 cubic inches 
50 OHM Impedance all ports 
Bandwidth 0.1 to 400 MHz 
Amplitude Balance 0.1 dB 

Phase Balance e 


Hermetically Sealed 
Temperature Range 
Low Price 


RFI shielded 


-—55°C to +100°C 
$9.95 (6 thru 49 units) 


1 
Isolation * dB 


VSWR 

Metal Case 
Hermetially Sealed 
Temperature Range 


2 
RFI shielded 
—55°C to +100°C 





Low Price $9.95 (6 thru 49 units) 




















2913 Quentin Rd., Brooklyn, N.Y. 11229 (212) 252-5252 Int'l Telex 620156 
A Division Scientific Components Corp. 





For complete product line, see MicroWaves’ Product Data Directory 
READER SERVICE NUMBER 3 
For other Mini-Circuits Lab. products, see ads on p. 43 and 45 








a FOR NEW STANDARDS IN SPECTRUM ANALYZERS, THINK HP 


8556A Tuning Section, 

20 Hz—300 KHz, 8553B Tuning Section, 
with built-in tracking 1 KHz—110 MHz, 
generator, $1840. $2425. 


| 


Neuss 


The Widest Choice 
in Spectrum Analyzers. 


With HP’s neatly-interrelated spectrum 
analyzers, you choose tuning sections, displays 
and companion instruments to tailor a system 
for your measurement needs all the way from 20 
Hz to 40 GHz. Then, as your requirements 
expand, re-configure your system simply by 
adding the related piece of equipment. For 
example, when you need to cover a new 
frequency range simply add that tuning section. 

By themselves, any of the 4 spectrum ana- 
lyzers give you tremendous signal analysis 
capability made possible by absolute amplitude 
calibration, low distortion, high resolution, 
and wide frequency scans coupled with the 
ability to zoom down to a narrow scan. 

Value really multiplies when you add the 
companion instruments. For example, the track- 
ing generators combined with the analyzers 
make swept measurements over a 120 dB range 
thus forming precision swept frequency test 
systems. 

And our automatic preselector for the 
microwave tuning unit does away with virtually 
all image, multiple and spurious responses. 

All in all, HP’s family of spectrum analyzers 
gives you the greatest depth and breadth 
of performance and the best value in signal 
analysis equipment available anywhere. 

For more information, call your local HP field 
engineer or write. 


HEWLETT pW PACKARD 


Sales and service from 172 offices in 65 countries. 
1501 Page Mill Road, Palo Alto, California 94304 


8552B High Resolution 
IF Section has 10 Hz 
bandwidth, manual 
scan, two log plus 
linear scales, $3050. 
Lower cost unit (8552A, 
$2375) also available. 


04315A (U.S. Domestic Prices Only.) 


Nige 3.0] 
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Tracking generators for wide dynamic range, 
swept frequency response measurements. 


8443A 110 MHz Tracking 8444A 1300 MHz 
Generator/Counter, Tracking Generator, 
$2950. 








8554B Tuning Section, 
0.1—1250 MHz, $3500. 


8445B, 18 GHz Automa- 
tic Preselector, for 
. : f wide scans, free from 

8555A Tuning Section, : 
unwanted responses, 

10 MHz—40 GHz, $6275. $2300. ($2950 with 
LED frequency readout 
option.) 


141T Variable 

Persistence and Stor- 

age Display Section. Gives 

bright, high-resolution traces 

at slow scans, $1900. Also available: 
economical normal persistence and 
large screen displays. 
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And You’ll Find The Same Quality in Every. 
GE Microwave Circuit Module (MCM)! 


o 


oe 





FN ce Pianar Ceramic Triodes deliver acknowl- 
edged state-of-the-art performance: thirty years’ 
GE tube research with triodes has resulted in ex- 
ceptional tolerance to the most adverse thermal, 
shock and vibration environments; very high ratio 
of power, efficiency, reliability and gain bandwidth 
to product size and weight; fast warmup; lower 
noise levels;and more efficient operation at higher 
frequencies. 


And we've put our extensive knowledge of triode 
technology to work developing a family of pre- 
packaged microwave circuits called General 
Electric MCM’s (Microwave Circuit Modules) 
fj— each built around a GE triode or solid-state 
diode. And each MCM is built with such care and 
precision that it, too, is fast becoming a recog- 
nized standard of excellence. 


Functioning as an oscillator, an amplifier, or as a 
complete assembly (with a power supply, and/or 2 
integrated isolator/ circulator, and/or modulator), 

GE MCM'’s solve five of your toughest problems: 

[ ] circuit-active component interfaces 

[_] reproducibility [ ] on-time delivery 

[_] in-line rejects [_] field failures. 


Chances are there’s a GE MCM already available 
for your microwave system. If not, we’ll design and 
build the exact module you need. And we’!l get 
it to you fast. 


Contact: Microwave Devices, General Electric 
Company, 316 East 9th Street, Owensboro, Ken- 
tucky 42301. Or use the reader service card. 


*In a recent Brand Recognition Study by a leading 
business publication, more designers expressed a 
preference for General Electric Planar Ceramic 
Triodes...411% more chose GE over the next 
leading brand. (Copies of the Study are available 
upon request.) 360-09 


GENERAL 96) ELECTRIC 


NUMBER 5 


a 
wm 
a 
oO 
n 
aL 
w“ 
mm 
AD 
< 
Qn 
al 





‘MICROWAVES 


January 1974 
Vol. 1c, No. 1 





news 


Balloons Raise Repeaters For Greater Range With Less Power 
Specialized Carriers—A Boom For Telecom Equipment Manu- 


facturers 


Diffraction Grating Extends BW OF CO, Waveguide Laser 
Transfer Chemical Laser Delivers 13% Efficiency 


Industry 
International 


For Your Personal Interest... 


technical section 


Communications 





21 + #Washington 
28 R&D 


The Year Of Giant Growth Arrives For Land-Mobile Com- 
munications. Discussed are three communications systems 
proposed for the recently allocated 900 MHz-mobile band. 

Clean Up Your Design With A Systems Approach 
Harlan Faller of Tepco Corp. discusses how microstrip 
lines can do more than carry a signal. 


Simple Circuit Triggers Lasers 


Oscar Jensen explains that triggering a laser need 


not be complicated. 


products 
60-61 


Product Features: Wideband Log Amplifiers Handle 


10 ns Pulses Over 60 dB Dynamic Range. 


Miniature 5-500 MHz Unit Amplifiers 
Deliver Up To 20 mW With 13 dB Gain: 


Sweeper Modules Deliver Over 16 dBm. 


New Products 


departments 





70 New Literature 


Editorial: Opportunity Knocks. Can You Open The Door? 


News/ Meetings 
Application Notes 
Letters 


59 Microwave Notebook 
73 Advertisers’ Index 
74 Microwave Product Index 


About the cover: Motorola’s Dynatac portable telephone is a prime example of the 
new equipment being designed for the 900-MHz mobile radio band. Photo of portable 
telephone courtesy of Motorola Communications, Schaumberrg, IL. 





Accuracy Policy 
It is the policy of MicroWaves: 





e To make reasonable efforts to ensure accuracy of editorial matter. 

¢ To publish promptly correctlons brought to our attention. 

e To encourage our readers as responsible members of our business community 
to report to us misleading or fraudulent advertising. 
To refuse any advertisement deemed misleading or fraudulent. 
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coming next month: Microwave Transistors 


SIMPLE DC TESTS PREDICT MICRO- 
WAVE TRANSISTOR PERFORMANCE. 
J. Curtis and D. McCormac of PHI 
show how a transistor-curve tracer 
can effectively be used to predict rf 
performance and reliability of micro- 
wave transistors. This technique 
eliminates costly and time-consum- 
ing burn-in tests as well as elaborate 
rf test setups. 
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DESIGNING WITH GaAS FETS. G. E. 
Brehm and G. D. Vendelin of Fair- 
child Semiconductor discuss the ef- 
fects of bias and packaging con- 
straints in designing FET amplifiers. 
The construction and performance 
of the GaAs FET is covered; specifi- 
cally, gain and noise figure and how 
each can be optimized. Stability cri- 
teria are also considered. 


News: Do You Hear What | Hear? 
Field tests indicate that humans 
can perceive low-power pulse modu- 
lated microwave energy in the 0.3 to 
3 GHz range. The effect is electro- 
magnetic in nature and not acoustic. 
This baffling phenomena is under 
study for the U. S. Office of Naval 
Research and the U. S. Army. 
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Sweep from 1 to 18 GHz this easy 


Select AG. 


0- T-.10¢ D4- 
read 
with 
: SIX 
choices 


Replace 6 Klystron Signal 
Generators with one Model 9535 — 
from 1 to 18 GHz. 


Narda’s newest generator/sweeper, Model 9535, 

is easy and quick to use — 

= .05% accurate frequency digi-wheels — calibrated 
output power 

= Provide 200 KHz resolution with excellent reset- 
ability . 

= Calibrated internal power meter baa M2 

= Distance viewing provided—no mistaking frequency 
Push-button functions are illuminated for optimum 


visibility MARKERS 


= Calibrated controls with human engineered benefits 



































It eliminates the octave-band limitations and the 4.0 on Saale 
associated cost and accuracy problems of ordinary q- ele ee “Co 
sweepers and signal generators. It is now possible = _ ap a 
to test at all points over the range of 1 to 18 GHz. 

Because of the single set-up, it is ideally suited for — 13 =. ices 


military and commercial applications where fre- “a Mee cisisis) 4 Se fe 
quency ranges overlap or where the single range “ 2 er 7 - 


ia es ~ 7 
of interest straddles multi-octave bands, or for the na ' 
changing ranges of ECM systems. ; e. me = id 











Save man hours every day by eliminating plug-ins 

and warm-up time — eliminate BWO tube replace- 

ment budgets, plus getting crystal stability with o ‘o_o 9° 
phase-lock capability. cin 


one 


Write for the full details now — there are a lot more 


benefits to know about. 
usbenever mChownVes _ pres: 


THE NARDA MICROWAVE CORPORATION - PLAINVIEW, L.I., NEW YORK 11803 


516-433-9000 - TWX: 510-221-1867 e CABLE: NARDACORP PLAINVIEW NEWYORK 
READER SERVICE NUMBER 7 = 





DoubleBalanced 
fiom DC...10...2 GHz 


* 


; aie es 

Individual units are hermetically sealed and TIEMPOS eee, eee 

specifications are guaranteed over a temperature Model M6V Model M6R Model M6G 

range of —54°C to + 100°C and after 

environmental stressing per MIL-STD-202D. Inputs (L): .4 to 500 MHz 10 to 1200 MHz 6 to 2 GHz 
For additional data, call our Field Sales (R): 4 to 500 MHz 10 to 1000 MHz ‘6 to 2 GHz 

Office/ Representative in your area or : 

W-J/Relcom Applications Engineering at (415) Output (I): DC to 500 MHz DC to 1 GHz DC to .3 GHz 

493-4141, ext. 637. Better yet, requisition your Noise Figure: 5.5 dB 6 dB 6.5 dB 

own evaluation unit from our stock. Isolation: 50 dB 40 dB 25 dB 


| j re, WATKINS-JOHNSON 


Watkins-Johnson—U.S.A.: 3333 Hillview Ave., Palo Alto, CA 94304 « (415) 493-4141 * TWX: 910-373-1253 * Telex: 34-8415 * Cable: WJPLA * 700 Quince Orchard 
Rd., Gaithersburg, MD 20760 * (301) 948-7550 * TWX: 710-828-0346 © Telex: 89-8402 * Cable: WJCE! * United Kingdom: Shirley Ave., Windsor, Berkshire SL4 
5JU, England © Tel: Windsor 69241 * Cable: WJUKW-WINDSOR « Telex: 847578 * West Germany: 8033 Planegg, Muenchenerstr. 17 © Tel: (0811) 859-9441 ¢ 
Cable: WJDBM-Muenchen ® Telex: (841) 529401 «¢ Italy: Piazza G. Marconi, 25 00144 Roma-EUR « Tel: 59 45 54 * Cable: WJROM-ROMA « Telex: (843) 60117 
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Stacy V. Bearse 
Associate Editor 


How can you cover 70,000 
square miles with only one repeat- 
er station? Easy, just hang it on 
a balloon. The people at TCOM 
(Tethered Communication) Corpo- 
ration, a subsidiary of Westing- 
house Electric Corporation, are do- 
ing exactly that in a_ recently 
patented communication system de- 
signed for use in developing na- 
tions. Supported by a balloon, a 
satellite-quality repeater station 
can simultaneously transmit vhf or 
uhf television channels, am and fm 
radio or several thousand channels 
of mobile and stationary telephone 
communications, Teletype, telex, 
Telephoto and high-speed digital 
and analog data to receivers within 
a radius of 125-miles. The pro- 
gramming or data can originate at 
several ground locations surround- 
ing the balloon’s site and is relay- 
ed to the craft by 7 GHz micro- 
wave links. 

A major advantage of this con- 
cept, as seen by the manufacturer, 
is that the system is not hindered 
by the typical 30 mile line-of-sight 
horizon that limits a conventional 
terrestrial broadcasting facility. 
Because this system does not have 
to rely on “bending” the signals 
beyond the horizon, transmitter 
power requirements are reduced 
and the effective broadcasting area 
is expanded. For example, TCOM 
points out that the signal strength 
received at a location 100 miles 


MICROWAVES ® January, 1974 


4 


from a_ 1,000-foot - conventional 
broadcasting tower with a radiat- 
ing power of 100 kW could be 
equaled with only 3.2 W from a 
transmitter 10,000 feet aloft. 

The vehicle for raising the trans- 
mitter to this altitude is a 7,000 
liter helium-filled balloon called an 
aerostat. Capable of supporting an 
electronic cargo of 3,500 lbs, the 
aerostat measures 57 meters long 
and 27 meters high. Although this 
enormous craft seems intimidating 
while on the ground, it appears 
a mere speck in the sky when teth- 
ered at its working altitude of 
10,000 to 15,000 feet. The commu- 
nications package is suspended 
from the underside of the craft in 
a weather-proof enclosure. A stabi- 
lized mounting platform allows the 
balloon to respond to changes in 
wind condition without affecting 
the orientation of the directional 
communication equipment. An on- 
board generator driven by a light- 
weight Wankel engine powers the 
transmitting and receiving equip- 
ment. A week’s supply of gasoline 
can be carried on-board. TCOM 
says that it takes about two-hours 
to haul down the balloon, refuel 
the generator and raise the ship 
back to its operating altitude. A 
tether cable capable of conducting 
power from a ground-based gener- 
ator is under development. 

To insure a high degree of re- 
liability, a complete system con- 
sists of two aerostats tethered at 
10,000 ft. and spaced 400 km 
apart. 


fs... 


1. This high-flying aerostat is engi- 
neered to carry satellite-quality re- 
peater equipment up to altitudes of 
15,000 feet. Designed to provide 
low-cost, multi-purpose communica- 
tions for developing nations, the sys- 
tem is undergoing final testing in 
the Bahamas. 


Other advantages lauded by 
the manufacturer are lower in- 
stallation and maintenance costs 
compared to conventional tower 
systems. TCOM’s president, Rich- 
ard S. Cesaro, states that “an 
aerostat communications system 
will initially cost about 20% of a 
conventional microwave and broad- 
cast tower system and will have 
less than 10% of the operating 
costs.”” He adds, however, that the 
“aerostat system will complement 
instead of replace any existing 
communications system.” A com- 
pany spokesman estimated that al- 
though the cost of a system varies 
greatly with the complexity of its 
electronic package, a single aerostat 
system including aerial and ground 
electronics, would cost between $4- 
and $6-million. 

Even though the cables and bal- 
loons are clearly lit, the manufac- 
turer acknowledges the hazard that 
the system presents to aircraft 
traffic. A  three-mile restricted 
flight zone is normally declared 
around an areostat station and 
radio beacons transmitted from the 
balloon are planned as navigation- 
al aids. 





News 


Specialized carriers—a boom for telecom 
equipment manufacturers 


The construction of new nation- 
wide communications networks by 
the specialized carried is proving 
a windfall for independent equip- 
ment manufacturers. 

According to Frost & Sullivan, 
market researchers in New York 
City, the terrestrial specialized 
carriers during 1973 to 1975 will 
spend about $230-million on mi- 
crowave equipment—nearly three 
times total industry sales in 1971. 

Up to now, about 85% of US 
telecommunications equipment has 
been supplied by Western Electric, 
the manufacturing arm of the Bell 
System. Western Electric had an- 
nual sales of $6.5-billion last year. 

In 1973, the specialized carriers 
took delivery of about 30% of the 
microwave component industry’s 
output and ordered sufficient 
equipment to keep the industry 
busy for another couple of years. 
In some respects, the terrestrial 
specialized carriers have saved 
several independent microwave 
equipment makers from failure. 


Without the specialized carriers,. 


the market for microwave-commu- 
nications equipment would be still 
dependent upon sales in three tra- 
ditional market areas—independ- 
ent telephone companies, industrial 
corporations and the non-military 
government market (see Table 1). 
The outlook for the latter two mar- 
kets is not too bright. Industrial 
corporations alone will have their 
annual purchases of microwave 
communications systems over the 
next seven years. A slight growth 
in government purchases is evident 
in Table 2; but largely as a result 
of special situations such as the 
possible construction of a $100- 
million combined microwave/vhf 
system to provide navigational 
control of vessels on inland water- 
ways. 

Industrial corporations and gov- 
ernment agencies have not been 
keen on purchasing, operating and 
maintaining their own equipment. 
Only where forced through high 
telephone company charges or 
downright refusal to provide serv- 
ice do they undertake construction. 





Harry Newton 


Contributing Editor / Telecommunica- 
tions Consultant to Frost and Sullivan 
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The existence of hungry special- 
ized carriers, however, now frees 
them of the capital, maintenance 
and potential obsolescence burden. 

The only bright spot in tradi- 
tional markets is the independent 
telephone companies whose growth 
plans indicate respectable ambi- 
tion. Although the independents 
provide service to more than 50% 
of the nation’s geographical area, 
they have traditionally let Bell 
handle their long-distance require- 
ments. Increasingly, the independ- 
ents are pursuing every oppor- 
tunity to provide their own 
long-distance requirements through 
the use of microwave-communica- 
tions systems. 

The big thrust of specialized car- 
riers purchases began in 1973 and 
will continue through 1975 as the 
specialized carriers rush to com- 
plete their nationwide system, Ta- 
ble 3. As customers, the specialized 
carriers look to their suppliers for 
the following: 

e The arrangement of financ- 
ing. This has been the single most 
important issue facing potential 
suppliers. Financing has taken the 
form of term financing (MCI’s 
first system was term financed by 
Raytheon), guarantee financing 
(where the supplier guarantees a 
portion of his sales against bank 
borrowings), supplier financing of 
research (as necessary in Datran’s 
case), and supplier-equity financ- 
ing (only Datran is apparently still 


Table 1 UPCOMING COMMERCIAL 
PURCHASERS OF MICROWAVE 
EQUIPMENT 
1973-1980 Inclusive 

Number of Stations 

Con- 

serva- 

tive Growth 

As- As- 

sump- Market sump- Market 

tion Share tion Share 
Specialized 
Carriers 1,220 16% 1,750 22% 
Telcos, incl. 
non-Western 
Electric pur- 
chases by 
Bell Cos 2,400 32% 
Non-military 
Fed & State 
Govts. 2,700 36% 2,700 33% 
Industrial 1.200 16% 1,200 15% 
TOTAL 7,520 100% 8,050 100% 


Source for all tables: Frost and Sullivan, 
N.Y.C. 





2,400 _30% 


negotiating). 

e Proven capability in common- 
carrier equipment. As common car- 
riers, the specialized carriers are 
adamant that the equipment they 
purchase has proven quality and 
reliability. This type of equipment 
contrasts strongly with the tele- 
communications purchases by the 
military and the aerospace indus- 
try whose purchases (particularly 
in large fixed microwave systems) 
tend to be “one of a kind, state-of- 
the-art.” 

e Corporate commitment to the 
latest technology. Despite most spe- 
cialized carriers’ unwillingness to 
experiment with unproven technol- 
ogy (excepting Datran), all are 
obsessed that their technology 
must be the latest and their sup- 
plier must incorporate the latest 
C-MOS, LSI into their equipment. 

e Proven willingness to support 
equipment. This applies particular- 
ly to after sales service, mainte- 
nance support, the production and 
inventorying of adequate spare 
parts, especially of prior years’ 
models. 

e Long term financial commit- 
ment to the industry. This means 
two things: (a) the willingness to 
stay with the industry through its 
thicks and thins and (b) the ability 
to survive financially through it 
all. 

How well the equipment manu- 
facturer will fair depends, of 


(continued on p. 12) 


TABLE 2 
COMMERCIAL MICROWAVE 
COMMUNICATION SYSTEMS 

DELIVERIES* 
Millions 
1973- 
1980 
incl. 
Total 
Special- 
ized 
Carriers $505 
Telcos* $854 
Industrial $249 
Govern- 
ment 
(non- 
mili- 
tary) $50 __ $70 $90 
Grand 
Total $233 $238 $324 $2193 


*Excluding Western Electric deliveries of 
WE equipment to Bell telcos. Includes ini- 
tial and expansion multiplex and radio and 
other associated equipments. 


$585 
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Were sorry to say 
you can't buy Avantek 


transistors in quantities 
over 1.5 million. 


However, in smaller quantities, 
the following models are available 
for fast delivery: 


__ Ves = 10 Volts 








ae 
Figure! Gio? Gnax! T 
Test Maximum Typical = Ic Minimum lc Typical 
Frequency ( (dB) (mA) (dB) (mA) (GHz) | Package 
__VHF Types MHz i ee 
AT-0017 60 , —_ é TO-72 
AT-0025 500 : 10 : TO-72 
AT-0025A 500 j 10 : TO-72 
AT-0045 500 : aes: a ad 
__UHF Types GHz i es : Stripline_ 
AT-1425 ; 3 15 ; .140 dia. 
AT-1445 ‘ : 15 , .140 dia. 
AT-1445A : ‘ 15 ; .140 dia. 
L-Band Types So Z aoe 
AT-2625 : 3 ‘ 5 15 5.0 .070 sq. 
AT-2645 ; > 5 15 5.5 .070 sq. 
‘Guaranteed at test frequency and bias shown, others typical. All gains unneutralized. 
2Approximate gain at bias and tuning conditions for noise figure. 


Call Avantek at (408) 249-0700 or contact 
your nearest Avantek representative. 
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news 


Diffraction grating extends BW 
of CO> waveguide laser 


Richard T. Davis 
Managing Editor 


By incorporating a diffraction 
grating into a high-pressure CO, 
waveguide laser, scientists at 
Hughes Research Labs., Malibu, 
CA, have extended its tuning 
bandwidth to over 1 GHz. This is 
an important breakthrough par- 
ticularly for proposed space borne 
10.6 yw laser communications links 
because a laser heterodyne-receiv- 
ing systems must track the incom- 
ing laser frequency. In low orbit 
satellite-to-synchronous satellite 
communications links, the result- 
ant doppler shift is about +700 
MHz; and the laser used at the 
LO must cover this entire doppler 
range. 

Waveguide lasers operate at gas 
pressures well in excess of those 
typical of conventional CO, lasers 
(which are limited to a 50 MHz 
tuning range). Pressure broaden- 
ing of the laser transition results 
in wider bandwidth and increased 
frequency tuning capability.* Op- 


erating pressures well above 300 
Torr have been demonstrated 
where the pressure’ broadened 
linewidth is greater than 1.8 GHz. 
Frequency tuning is achieved by 
varying the length of the wave- 
guide resonator using piezo-elec- 


Footnote 
*See “Tiny COz2 Waveguide Laser Developed,” 
MicroWaves, November, 1972, (p. 9 and 14). 


tric tuning elements. 

“To make use of this bandwidth 
capability, however, it was impor- 
tant for us to incorporate a dif- 
fraction grating in the resonator. 
“This enables us to tune the laser 
without it changing transitions or 
jumping modes,” says Dr. Dick 


(continued on p. 14) 

















BORE LENGTH = 9.3 cm 





MIRROR SPACING es 9.8 cm 


1. Seal-off waveguide CO, laser achieves 1 GHz tuning by varying length 
of the laser resonator. The 1/4 in. square diffraction grating (97% effi- 
ciency) is mounted on the bimorph which moves 5u when 22V is applied. 


Specialized carriers—boom for equip. mfg. 


course, on the acceptance of the 
specialized services. They will 
probably begin their services by 
encroaching into an existing (and 
probably monopoly) market, de- 
veloping a business base and then 
developing a new market altogeth- 
er. Nonetheless, the following 
trends are apparent: 

e Based on a survey conducted 
by Frost & Sullivan with large 
communications users (Fortune 
500 types), 85% said they expect- 
ed that eventually one or more of 
the specialized carriers would serve 
them, 

e In November, 1973, MCI re- 
ported sales orders worth over 
$9-million in annual revenues. MCI 
was the first terrestrial carrier 
to report firm orders. 

e Bell said it would lose over 
$250-million in annual revenues in 
1976 to the specialized carriers 
(Bell’s statement owes its inspira- 
tion more to politics and less to 
market research). 

e The market for private-line 
services in 1973 was $1.5-billion 
and by 1976 should be at least 
50% higher. 

Apart from market acceptance, 
another unknown is the willingness 
of the regulatory agencies to take 
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a strong stand against Bell’s ap- 
parent dislike for competition. Lat- 
est Bell tactics are threefold: re- 
fusal to interconnect with the 
specialized carriers except in the 
most limited situations; requests 
for a “moratorium” on competition 
while comprehensive, time-consum- 
ing economic studies are under- 
taken and finally, requests for sub- 
stantial price cuts on competitive 
services. 


(continued from p. 10) 


These tactics will be time de- 
laying. They will drain the re- 
sources of some of the smaller 
specialized carriers, which in turn, 
will be absorbed into the larger 
operators. This process of consoli- 
dation has already begun. Towards 
the end of 1973, MCI bought N- 
Triple-C and Southern Pacific 
Communications bought United 
Video. ee 


Table 3 
THE TERRESTRIAL SPECIALIZED CARRIERS 


Background No of 


microwave 


sites 
proposed 
CPI CATV, TV 50 
haulage 
University Com- 166 
puting Co. 
Eastern CATV, TV 
Microwave haulage 


1 Pioneer 
(incl. NCCC) 

Southern 
Pacific 
(incl. United 
Video) 

U.S. Transmis- World tele- 
sion Systems communl- 
(ITT) cations 

CATV, TV 
haulage 


Datran 


26 


Railroad 
communl- 
cations 


Western 
Tele-Comms 


Total route 


Planned 
Ultimate 
network, Scope of 
millions Network 
$9.0 Texas & La. 
3200 $150 + 
450 $13 
13,500 $100 


6500 $30 


Cost of 
_ miles 
planned 
Coast-to-Coast 
Boston- 
Washington 
Nationwide 


Coast-to-Coast 


$30 Houston to 
NYC 


Coast-to-Coast 


MICROWAVES ® January, 1974 





Versatile 








We'll give you exactly what you need to meet 
your system requirements... 


You can have Bendix Coax Couplers in any size and configuration 
to fit your installation. No need to buy and install extra hardware. 
Only Bendix gives you so much flexibility in one basic design: 


e@ ANY coupling value between 20 and 70 dB. It doesn’t have to be 
the usual 10 dB increments—we mean any value. 


e@ ANY frequency between 20 MHz and 12.4 GHz. 

e@ ANY band width up to an octave. Multi-octave available in UHF. 
e@ ANY power handling capability—limited only by mainline capacity. 
e@ ANY number of outputs— RF or DC in any combination. 


e ANY connector series, any line size. 


Send your specifications to The Bendix Corporation, Microwave 
Devices Plant, Franklin, Indiana 46131. Tel: 317/736-6136. 


Bendix 


READER SERVICE NUMBER 13 
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news 


Transfer chemical 
laser delivers 13% efficiency 


Richard T. Davis 
Managing Editor 


A ten liter transfer chemical 
laser, based on the reaction of D.,, 
F, and CO,, has been developed 
which provides an overall efficien- 
cy of 13%. Xenon flash lamps ini- 
tiate the reaction to produce ex- 
cited DF, the energy of which is 
then transferred to the CO, to 
produce 205 Joules of laser energy 
at 10.6 w. According to Jerry Park- 
er, Head of the Chemical Laser 
Section at Hughes Research Labs., 
Malibu, CA, smaller versions of 
this type laser have been in de- 
velopment for some time now with 
up to 1.2% efficiency. However, 
this is the first such device to op- 
erate at an efficiency competitive 
with electrically pumped CO, la- 
sers. The ten liter volume and 200 
Joule output energy are about 40 
times larger than previous devices. 

“The key to this increased effi- 
ciency is the design of the laser 
reaction chamber,” says Parker. 
Speaking at last month’s Electron 
Devices Meeting (Washington, DC, 
December 3, 4 and 5), Parker said 
that “increasing the transverse di- 
mensions of the laser chamber and 
coating all wall surfaces with a 
highly reflective material, the ul- 
tra-violet photon loss to the reac- 
tion medium is enchanced relative 
to wall losses.” 

Up to now, the chief disadvan- 
tage to the flash lamp initiation 
technique for the chemical laser 


has been the low overall electrical 
efficiencies—about 1%. By scaling 
to larger volume devices, the elec- 
trical efficiency of flash photolysis 
initiation is increased by more 
than an order of magnitude while 
maintaining high specific volumet- 
ric extraction and chemical effi- 
ciencies. 

The 10 liter laser chamber, 
shown in the figure, has two linear 
xenon flash lamps recessed from 
the 10 cm x 10 ecm cross-sectional 
laser cavity area. At the ends of 
the reaction volume are remotely 
operated shutters which protect the 
resonator mirrors from the corro- 
sive atmosphere. The gas mixture 
consists of F,: D,: O,: CO,: He 
in proportions of 2:1:0.1:5:10 at 
300 Torr pressure. 

The flashlamps are constructed 
of fused quartz tubing (1 mx 1 
em) and are filled with 150 Torr 
xenon. Two 7.5 yw F capacitors are 
charged to 10 to 15 kV and dis- 
charged simultaneously through 
the flashlamps which provide an 
intense optical pulse of 15 yw sec 
duration for photodissociation of 
i. 

In the tests conducted, various 
gas mixtures and pressures rang- 
ing from 200 to 400 Torr were 
tried. The excitation levels were 
also varied by changing the capac- 
itor charging voltages, and laser 
energy was found to increase lin- 


Diffraction grating extends CO. laser BW 


(continued from p. 12) 

Abrams, Head of the Electro- 
optics Section at Hughes Research 
Laboratories. A diffraction grat- 
ing acts as a frequency selective 
laser mirror, and only reflects a 
single CO, transition into the 
waveguide. Thus for any other 
transitions the laser resonator is 
not properly aligned. 

In the tunable waveguide laser 
developed by Abrahms, Fig. 1, the 
150 lines/millimeter diffraction 
grating is mounted on a bonder 
bimorph—a type of piezo-electric 
transducer. “An applied voltage of 
22V is sufficient to translate the 
bimorph 5.3 ym or one free spec- 
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2. This CO, waveguide laser tunes 
over 1 GHz at 10.6 w and delivers 
0.6 W. 


early with flash-lamp energy. With 
increased flourine concentrations, 
it was found that pulse durations 
shortened significantly. “The most 
puzzling aspect of the device,” 
claims Parker, “has been the fail- 
ure to obtain linear energy scaling 
with fill pressure in contrast to 
results achieved with small volume 
systems. This is currently under 
study.” 

Parker predicts that ultimately 
this laser system can achieve a 
25% efficiency. The chemical la- 
ser has application as a high power 
radar, or in applications where 
high voltage conditions are not 
desireable. ee 


al q yA P 
1. Partially assembled DF /CO, chem- 
ical laser shows the two linear xenon 
flash lamps. Mirrors and a _ highly 
polished KCI output window com- 
plete the assembly but are not shown. 


tral range,” says Abrams. The gas 
discharge region is contained in a 
9.5 cm x 1.0 mm beryllium oxide 
tube which is conductively cooled 
to a heat sink. It is terminated 
at the opposite end by a 97% re- 
flecting output mirror. The tube 
is statically filled with 220 Torr 
of a He, CO., N., Xe gas mixture. 
“The peak output of this laser, 
Fig. 2, is about 0.6W,” says 
Abrahms, ‘and it tuned over 1 
GHz by controlling the bimorph 
voltage. No line jumping occurred 
over this entire range. We are ex- 
pecting shortly to be able _ to 
achieve 1.5 GHz tuning.” ee 
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IT 
TAKES 
THE 

LEADER 
TO PUT 

IT ALL 
TOGETHER 


MSC Again 
Advances the 
State-of-the-Art 
in Microwave 
Power Transistors 


for AVIONICS 


IFF—DME—TACAN—CNI 


FEATURES: 


e DISCRETE STRIPAC™ AND 
POWER-PAC™ DEVICES. 
Highest Gain and Collector Efficiency. Hermetic 
Construction. Improved Reliability. 

e AMPAC™ DEVICES — INPUT IMPEDANCE MATCHING. 
Ease of Broadbanding. 

e AMPAC™ DEVICES — OUTPUT IMPEDANCE MATCHING. 
Highest Collector Efficiency. Lower Junction Temperature. 
Reduced Circuit Development Cost. 

e LESSPAC DEVICES — INPUT IMPEDANCE MATCHING. 
Ease of Broadbanding. Lowest Package Costs. 

Call or write us for further information on Microwave Semiconductor Corp.'s 

STRIPACTM and AMPAC™M power transistors and other components—all available 


from stock and priced to minimize your system cost. Also feel free to contact 
us for advance information on any of our latest developments. 


MSC 1100 


MSC 1150 


MSC 1100M 


MSC 1150M 


rt 


AMPAC 0912-70 





Frequency (f1-f2) 


1030-1090 MH: 


1030-1090 MHz 


1025-1150 MH: 


1025-1150 MH: 


960-1215 MHz 





Power Output (Po) 


100W 


150W 


100W 


150W 


7OW 





Power Gain (P,) 


10 dB 


9.0 dB 


9.0 dB 


8.0 dB 


9.0 dB 





Efficiency (Nc) 


35-40% 


35-40% 


45-50% 


45-50% 


60-70% 





Voltage (Vee) 


43V 


43V 


43V 


43V 


40V 





Impedance (Z,y) 


0.5+j5.0 


0.38 + j4.7 


4.0+j7.5 


2.0+ 55.0 


7+j7 





Impedance (Ze) 


5.3—j6.3 


2.0—j4.2 


4.0-j3.5 


2.0--j3.0 


12-j5 





Case Style 





STRIPAC ™ 


POWER-PAC ™ 


LESSPAC 


LESSPAC 


AMPAC'™ 





Application 





IFF 





IFF 





DME 





DME 





TACAN 





: BES GR 
Se: 
2 ED 


mm MICROWAVE SEMICONDUCTOR CORP. 
100 School House Road, Somerset, N.J. 08873 + (201) 469-3311 - TWX (710) 480-4730 - TELEX 833473 
READER SERVICE NUMBER 15 
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\_/” ONE KEY to your 


) rf measurement problems | 


One key unlocks the fall potential of the new GR 2260 Automatic Network 
Analyzer — a fully automatic system for detailed measurements of 
transmission, reflection, magnitude, phase, and group delay from 200 kHz 
to 500 MHz: 


One key for rapid go/no-go production testing. The 2260 eliminates the 
need for multiple test stations by preducing simultaneous measurements of 
multiple rf parameters against individually tailored limits — all at the push 
of a button and in little more time than it takes to ‘connect the device. 





One key for high-precision R & D work: The 2260 provides real-time 
displays of interactive rf parameters for visual interpretation of design } 
changes and allows modification of test conditions in seconds — all by 
ultra-simple keyboard commands. 


i 
ears: i a 
COACToulle-lbatlelre 
300 Baker Ave., Concord, MA 01742 
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HIGH SELECTIVITY 


RODUCTS TO DIRECT RF ENERGY 





RF FRONT ENDS, MIXERS, RECEIVERS... 


The units shown are for C- Band radar altimeter applications. Various 
combinations can be supplied depending on specific customer require- 
ments. All Transco FRONT ENDS are integrated packages which include 
items such as preselectors, mixers, solid state local oscillators, self test 
circuits, |.F. amplifiers with gain control, video and logic circuitry. 


All FRONT ENDS are qualified to the appropriate MIL specifications. 
Inquire about a unit for your application and your requirements. 


TYPICAL SPECIFICATIONS 


PRESELECTOR BANDWIDTH 150 MHz with 4 pole response 
MIXER NOISE FIGURE 6.5 dB with 1.5 dB I.F. 
L.O. FREQUENCY STABILITY 10 PPM/° C 
L.O. SUPPLY -15 volts, 50 mA 


I.F. AMPLIFIER 60 MHz with 50 MHz bandwidth 
30 dB gain, 1.5 dB N.F., 
45 dB AGC 


TRANSCO PRODUCTS, INC., 4241 Glencoe Ave., Venice, CA 90291 
—Telephone (213) 821-7911 © Telex 65-2448 e TWX 910-343-6469 
Products to direct RF energy...Coaxial and Waveguide Switches e 
Antennas @ Front Ends e Filters e Hybrids e Couplers @ Multiplexers @ 
Power Dividers @ Precision Cable Assys. e RF and Antenna Subsystems. 
QUALITY PRODUCTS SINCE 1941 e EQUAL OPPORTUNITY EMPLOYER 
@ U.K. Representative: Walmore Electronics Limited, 11-15 Betterton St., Drury Lane, London WC2H SBS, Tel: 01-836 -0201 
@ FRANCE: S.C.1.E.—D.1.M.E.S., 31, Rue George -Sand, 91120 Palaiseau, Tel: 928.38.65, Telex: OMITEL 68461 F, Ext. 159 
O EUROPE: Elektro-Metall Export Gmbh, Jagerhofstrasse 29, Dusseldorf, West Germany, Tel: 483041 Telex: 841-858 -4691 





news / industry 
Plant News 


Southern Pacific Communications Co., San Fran- 
cisco, CA will acquire all of the stock of United 
Video, Inc., Tulsa, OK. United Video is LVO Cable’s 
specialized common carrier microwave subsidiary. 
The purchase price will exceed $4 million. 

Rockwell International, Los Angeles, CA has ap- 
proved an agreement in principle to merge with 
Admiral Corp., a manufacturer of consumer elec- 
tronic products and major home appliances. Collins 
Radio Co., Cedar Rapids, TX will merge into Rock- 
well International. 

MCI Communications Corp., New York and N- 
Triple-C, Inc., announced they have reached an 
agreement for a merger involving the two com- 
panies. Both companies are business communications 
common carriers serving the special needs of inter- 
city, private line communications users. 

Maury Microwave Corp., Cucamonga, CA has ap- 
pointed B.D. Hummel Co., Utica, NY as its Engineer- 
ing Sales Representative for Northern New York 
State. They will be exclusive sales agents in the 
northern portion of the state. 

Dalmo Victor, Belmont, CA a division of Tex- 
tron’s Aerospace Group, Providence, RI has become 
an operating unit of Bell Aerospace Company, also 
a division of Textron. Dalmo Victor produces elec- 
tro-magnetic defense systems, aerospace antennas 
and electro-optical equipment. 

Watkins-Johnson Co., Palo Alto, CA announced 
that it will dissolve its relationship with the remain- 
ing manufacturers’ representatives around the 
country by April 1974. A new field office will be 
established in Boston and additional manpower will 
be added to the Dayton and New York offices. The 
first reducticn of field representatives was an- 
nounced a year ago. 

Addington Laboratories, Inc., Sunnyvale, CA an- 
nounced the appointment of Ashby Associates, Inc., 
Dayton, Ohio as its representative in Ohio, Michi- 
gan; Cain & Company, Mt. Prospect, IL for Illinois, 
Indiana; Eastern Instruments, Silver Springs, MD 
for Maryland and West Virginia, and Russell Engi- 
neering Services, Inc., Waltham, MA in the New 
England States. 

Alan Industries, Inc., Columbus, IN announced 
that the law suit filed against them has been dis- 
missed. The suit, filed by Texscan Corp., Indianap- 
olis, IN was dismissed on the basis of prejudice. The 
alleged complaint was of a conspiracy by Alan In- 
dustries to recruit employees from Texscan. 





Contracts 


Scientific-Atlanta, Atlanta, GA, a contract to 
provide the distribution electronics and headend 
equipment for the Lexington and Thomasville, North 
Carolina CATV system, announced by the Triangle 
Broadcasting Corp. of Winston-Salem, NC. Also, a 
contract to Scientific-Atlanta for the turnkey in- 
stallation of a CATV system to serve Blackfoot, ID. 
Construction has begun with the system expected to 
be turned on in early 1974. 

RCA, NY a $600,000 contract for twelve advanced 
weather radar systems by British Airways. Five are 
to be installed in Concorde SST’s scheduled for de- 
livery in 1975. 

Litton Industries’ LIFEF (Litton Technische 
Werke) division, Freiburg, Germany, a contract for 
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approximately $200,000 from the Boeing Company to 
provide its LITEF PL-41 gyrocompass/navigation 
system for NATO Patrol Hydrofoil Missile ships 
(PHM) which Boeing is building for the US Navy. 

GTE Sylvania Inc., Needham, MA, a $5.7 million 
contract for continued operation and maintenance 
of a missile-tracking system in the South Pacific by 
the US Army Safeguard Systems Command, Hunts- 
ville, AL. 

Varian Associates, Palo Alto, CA, a $500,000 con- 
tract from Wright Patterson Air Force Base, Day- 
ton, OH. The contract calls for developing large 
scale techniques manufacturing for producing a 
line of “mini” traveling wave tubes. Objectives in- 
clude reducing tube cost through special tooling and 
new techniques without affecting the quality of the 
TWT’s. 

PRD Electronics, Inc., Westbury, NY, a subsidiary 
of Harris-Intertype Corp., has appointed Kenneth 
W. Meyers Co. as their new sales representative. 
They will provide sales and service to PRD cus- 
tomers in Western Kentucky, Indiana, Illinois, Wis- 
consin, Iowa and Minnesota. 


People 


James C. McDade has been named chief engineer 
of the Semiconductor Division of Alpha Industries, 
Inc., Woburn, MA. , 

Robert L. Sleven was appointed deputy director 
of the Applied Electronics Division of Cutler-Ham- 
mer’s AIL Division, Deer Park, Long Island, NY. 

Jeffrey O. Henley has been promoted to the newly 
created position of manager, ‘business development 
for Fairchild Camera & Instrument Corp., Mountain 
View, CA. He will be responsible for evaluation of 
existing new business development programs and 
for the formulation of new business strategies. 

Bruce L. Baker has been appointed a national 
sales manager at the Airtron Division of Litton In- 
dustries, Inc., Morris Plains, NJ. He will be respon- 
sible for all of the microwave sales. 

Raymond H. Uhrich has been appointed to the 
newly created position of vice president-marketing 
at PRD Electronics, Inc., Syosset, Long Island, NY. 

Donald A. Wolf has been named manager of pro- 
duction operations for the Western Division of the 
Electronic Systems Group of GTE Sylvania Inc., 
Mountain View, CA. 

Leonard B. Mackey has been promoted to general 
patent counsel of International Telephone and Tele- 
graph Corp., NY. 

Henry B. Marron has joined Scientific-Atlanta, 
Inc., Atlanta, GA as director of engineering for the 
Cable Communications Division. He will be respon- 
sible for all the engineering and product develop- 
ment for the line of headend equipment, distribution 
electronics, home termina] devices, and antenna sys- 
tems. 

Len Lazarus has joined LNR Communications, Inc., 
Farmingdale, NY as assistant manager of market- 
ing. 

W. Dale Leonard has been appointed manager of 
independent telephone accounts, microwave mar- 
keting, Collins Radio Co., Dallas, TX. 

Robert P. Bryan has been appointed manager of 
the microwave semiconductor dept. at Hughes Re- 
search Labs, Torrance, CA. 

Dr. Samuel Sensiper has joined Transco Products, 
Inc., Venice, CA as director of engineering.—S.L.B. 
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Frequency Range: 
VSWR (MOK): 


Impedance: 


Jifferent External Loads! 


High Power Stripline Flange Terminations To 15 Watts In 
Flange Sizes As Small As SMA 


“Off-The-Shelf’ Sizes To Mate With SMA, BNC, TNC, And Type N 
Guaranteed RF Performance Thru X Band 


Exceeds The Requirements Of MIL-E-5400 And MIL-R-1 0509 


DC-12.4 GHz 


Life Test: Less than 1% change when tested 
1.10 at DC-4 GHz for 1000 hour full load and 125°C. 
1.20 at 4-8 GHz 


130 at 8-12.4 GHz Resistive Element: Proprietary thin film 


50 Ohms (non-standard impedances 


Moisture Resistance: 
upon request 


.... Less than 1% change when tested 
per Method 106 of MIL-STD-202 


Getting New Standards u Reliability 


60 S. Jefferson Road e Whippany, N. J. 07981 © (261) 887-8100 
READER SERVICE NUMBER 20 ae 





news/washington 


Paul Harris—Washington Editor 


COMSAT hot over ITT The government's pesiie bp award to sds oe 

. communication to provide a communications “hot- 

Worldcom hotline contract line” via satellite between the U.S. and Russia has 
prompted cries of “foul” from Communications Satellite Corp. 

In a recent message to the Defense Commercial Communications Office, 
COMSAT made it known it was clearly unhappy about being shut out 
of the deal. ITT Worldcom’s charge of $153 per month for installation, 
operation, and maintenance of the government furnished equipment at 
the earth station is “clearly noncompensatory,” the firm said. What’s more, 
said COMSAT, a minimum of four people would have to provide 24-hour 
service at the Edam, W. V. facility. 

Upshot: COMSAT asked DECCO to suspend the award to ITT World- 
com “pending clarification of these matters.” The hotline is a two-satellite 
system, one of which is slated to be operated by ITT Worldcom over the 
Intelsat Satellite Communications System, and the other by Russia over 
the Molniya System. Plans call for both systems to operate simultaneous- 
ly with the same traffic to insure service if one fails. 


j Sens. Lowell Weicker (R-Conn.) and Abraham 

ee — Ribicoff (D-Conn.) have introduced legislation to 

abolish the White House Office of Telecommunica- 

tions Policy and transfer its functions to the Federal Communications 
Commission. 

However the proposal, which was sent to the Commerce Committee, met 
with a cool reaction from Sen. John Pastore (D-R.I.), whose Communica- 
tions Subcommittee spawned OTP in the first place. The measure is ac- 
tually a belated (by almost a year) reaction to OTP Chief Clay T. White- 
head’s infamous “ideological plugola” speech that called for breaking up 
TV networks. That talk has caused many headaches at OTP, including a 
whopping budget cut from Congress last fall. 

Yet, another area of contention for Weicker and Ribicoff is OTP’s use 
of the Commerce Department for research assignments. “Thus, armed 
with technical and economic analysis, OTP can justify its policy decisions 
in a forceful manner in its dealings with other government agencies,” 
complained Weicker. “I question the type of relationships that have de- 
veloped between OTP and its research adjunct.” 


FCC gives Packet Packet Communications has been cleared by the 

. Federal Communications Commission to become the 

new carrier role first ‘““valued-added carrier” that will use computers 

to organize data into blocks and then transmit it at high speeds over 

microwave circuits or telephone lines. Similar requests from other firms 
should also seek quick approval. 

At the same time, the FCC allowed AT&T to relax its traditionally 
restrictive rules on the resale of transmission services to allow the opera- 
tion of value-added carriers. 

Other applications for the new data-communications system have been 
filed by subsidiaries of Bolt Beranek and Newman Inc., MCI Telecom- 
munications Corp. and National Computer Switching Utilities Inc. Mean- 
while, Packet said it will link 26 pairs of cities by early 1975. 

The new authorzation has also opened a Pandora’s box of regulatory 
issues that the FCC plans to tackle as soon as possible. But officials expect 
proceedings on the long range issues will be tedious and controversial. 


(continued on next page) 
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news/washington 


(continued) 


FCC will peek at — FCC pape ie : oe apes cae into 
s . the 30 year-o ormula for the distribution of un- 
unrouted message traffic routed international message traffic outbound from 
the U.S. The outdated formula has been the subject of a landslide of 
criticism lately, particularly from ITT Worldcom. The firm took issue 
with the formula’s tendency to preserve the relative market share of each 
international carrier at the 1942 or earlier level. It also criticized the ex- 
istence of schedule B, under which RCA Global Communications was 
compensated for its lack of access, among the major IRCs at that time, 
to an affiliated domestic system. 

The commission’s plan is to independently probe the entire matter to 
decide for itself the formula’s present defects, the effects of the IRC’s, 
and the quality of service and rates charged. It will also explore the rea- 
sons for existing overages and deficiencies in assigned quotas. 


; . 
OTP’s updating After conceiving the idea late last year, the Office 
Communications of Telecommunications Policy has finally begun 

Satellite Act soliciting views of other government agencies on 
proposed amendments to the 1962 Communication Satellite Act. Legisla- 
tion has already been drafted to provide changes in the country’s interna- 
tional communications policy, but Congress—involved in more controver- 
sial OTP matters—has so far sat on the proposals. 

Aim of the legislation is to eliminate unnecessary restrictions affecting 
COMSAT, and to authorize executive branch oversighi concerning future 
communications satellite systems that involve the U.S. and foreign 
countries. Most important, says outgoing OTP chief Clay T. Whitehead, 
is that an “open door policy’ be established so that others can compete 
with COMSAT for the ventures. OTP figures that additional systems can 
be created separate from Intelsat, and that “such systems would necessi- 
tate a high level of government-to-government cooperation and accord.” 
Therefore, it reasons, the private international carrier industry and the 
federal government should coordinate their activities. 


Bernard Strassburg The FCC’s Common Carrier Bureau chief Bernard 

exits FCC Strassburg retired last month after 10 years at the 

; helm of the microwave industry’s most important 

government regulatory department. A recognized authority in communi- 

cations for 31 years, Strassburg played a leading role in the formation of 

the 1962 Communications Satellite Act. He’s been in charge of all regula- 

tory aspects of global communications satellite program, domestic satellite 
communications, interconnections and entry of new carriers. 


New microwave service The Pires: Communications Commission has pro- 

posed to establish a private operational fixed micro- 

proposed by FCC wave radio service to consolidate its far-flung regu- 

lations over the industry. The new rule will cover present licensing and 

operation of private operational fixed systems on microwave frequencies 

above 952 MHz that are now under interim rules under various safety 

services. 

Noting that the number of private microwave stations has tripled since 

1960 to nearly 10,000, the FCC said the rules need to be updated to meet 

the demands of current and future industry development. Big problem: 

many of these stations tend to concentrate in microwave corridors pro- 

ducing pockets of congestion. At the same time, of course, the need for 
more frequencies is increasing. 
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1-18 GHz RF Tuner, operates 
inside receiver or at remote 
antenna 








PRONE OLS 85. he 





-903 ~~ 
with options 1-3-4 


ALBEE EE 


a modern microwave 
receiver AND analyzer ? 


..- then consider the Micro-Tel MSR-903 


Frequency: 1-18 GHz without plug-ins = Remoteable RF Tuner 

Sensitivity: —105 dBm typical = Single knob band select 

Bandwidths: .1,1, 20 MHz ® Full band and AF sweep 

Image Rejection: 70 dB minimum = Wide and narrow band AM and FM 

= Pan and time base display 

= Digital frequency readout 

® Optional coverage to 30 MHz and 40 GHz 
® Optional log IF 

# Optional internal battery 

Request detailed data sheet ® Price ranges from $16,000.00 (1-12 GHz) 





Other Surveillance Products: 


Computer Receiving System 
Attache case microwave receivers 
Wide Range Receiving System 











MICRO-TEL CORPORATION 


6310 Blair Hill Lane 
Baltimore, Maryland 21209 
301/823-6227 


READER SERVICE NUMBER 23 
MICROWAVES ® ‘anuary, 1974 





| want to know. Please put me on Anaren’s mailing list. 





Name P'S. 





Title My phone number is 





Company Please have my Anaren Repre- 
sentative call me immediately. 





Address Send to: 


a Anaren Microwave, Inc. 
o 185 Ainsley Drive, 
Syracuse, New York 13205. 








Zip 
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You need to read current, relevant microwave engineering 
information. 

Which is why we want you to receive copies of the micro- 
wave product, application and technical publications Anaren 
produces. 

We're not referring solely to the materials we've already 
printed or had published, but also to the data we're going to print 
next week, next month and next year. 

Our offer is free. No strings attached. 

We'll put your name on our mailing list and send you 
important information as it becomes available. 

We’re going to send you what you need to know. 
Anaren Microwave is one of the companies making our industry grow. 

You should know what we've developed to date: over 
3,000 stripline wideband microwave signal-processing components. 

Which includes couplers, correlators, power dividers, 
SSB modulators, balanced mixers. 

And PIN diode switches, attenuators and modulators, 
instantaneous frequency discriminators and image rejection mixers. 

More Anaren signal-processing components are being 
developed right now. 

You should know all about them. Because we believe 
they might help solve problems facing you today, next week, next 
month and next year. 


Fill in the coupon below and we'll send you all the infor- 
mation we can. Gratis. 
(If the coupon’s missing, write to Anaren Microwave, 


Inc., 185 Ainsley Drive, Syracuse, New York 13205. Or call (315) 
476-7901.) 


We know what you need to read. 


Anaren’s an equal opportunity employer. We’re growing and 
you can grow with us. 
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news/intemational 
Improved stability offered with dual-gate FET 


A GaAs dual-gate FET has been developed using Schottky Barriers for the 
gates that exhibit a 3 dB noise figure and power gain of 12 dB at 4 GHz. Ac- 
cording to Shojiro Asai of Hitachi Central Research Labs, Tokyo, Japan, gain 
variations over a 30 dB range may be obtained by varying the second gate bias 
without significantly affecting the input impedance. In the dual-gate structure, 
the second gate is between the first gate and the drain—the first Schottky gate 
being 1.2 uw long and the second gate is 2.5 yw long. 

“The stability factor and maximum stable gain are much larger than single 
gate units,” says Asai, “thereby offering greater amplifier design flexibility.” 


These advantages are realized only by minimizing the parasitic feed through ca- 
pacitance of the package. 


British P O. approves new mw tower to beam to France 


A new microwave relay tower, which will transmit and receive power at 
Tolsford Hall in Rover over a 30-mile hop to Fiennes, France, is planned to be 
built and completed by 1975. The existing tower at Tolsford Hill is being 
strengthened to support additional dishes but will be dismantled by 1975. The 
new tower designed by the Property Services Agency of the Dept. of the En- 
vironment will rise 210 ft. and have a 70 ft. tubular steel tower on top. 


New transistor plant opens in France 


The first of four new plants have been built near Bordeaux in South West- 
ern France by TRW Systems, Inc., for production of rf and communications 
transistors, potentiometers and fractional HP motors. “Ultimately,” says TRW’s 
European Manager, Dr. John Bohrer, “each product line will be built in a dedi- 
cated plant,” on the 100,000 sq. ft. site. Three additional plants are planned. 

“Diffusion methods will be employed at the Bordeaux plant when the Eu- 
ropean demand makes it economically feasible,” says Bohrer, “sometime to- 
word the end of 1974. Current sales in Europe are running at about $4-million 
per year. Bohrer claims to have a 50% share of the available European tran- 
sistor market. The transistors presently made operate up te several GHz and 
deliver between 1 to 10 W. 


Brazil to get second satellite ground terminal 


The Brazilian Telecommunications Administration has signed a $3.35-million 
contract with ITT Space Communications to build a new earth station alongside 
its first terminal in Tangua—about 35 miles from Rio de Janeiro. Delivery of 
the terminal will be in about one year. The station will operate via Intelsat satel- 
lites and will link traffic with the U. S., Germany, France, Italy, Argentina, 
Great Britain, Canada and Mexico. 


200 kW S-band klystron has TWT BW capability 


A novel eleven cavity S-band klystron that can deliver 200 kW peak power 
over a 10% 1 dB bandwidth has been developed at Thomson-CSF, Paris, France. 
This klystron has a gain of 50 dB and an overall efficiency of 30% over a 2850 
to 3150 MHz frequency range. 

“TWTs presently available can have bandwidths of an octave or more at levels 
of tens of watts,” says Georges Faillan of the Electronic Tube Group, “but at the 
100 or 200 kW level their bandwidth is usually no wider than 15%.” By increas- 
ing the number of resonant cavities in the klystron and increasing the spacing 
between them, a 10% instantaneous bandwidth is achieved. Extensive use of 
computer-aided design was used in the development of the tube. 
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You’ve tus’ Te 
for not usin 


excuse 


id-state 


microwave amplifiers. 


Because now there 
are C, X, Ku, and milli- 
meter wave amplifiers 
from Hughes at power 
levels up to 1.5 watts. 

And not just experi- 
mental models either. These 
new avalanche diode 
amplifiers have already 
proven themselves in the 
F-14, F-15 and Phoenix 
programs. 

They can replace 
many TWTs. They're 


reliable. They're tough, 
small, light, and very 
cheap to buy and maintain. 
They perform like 
gangbusters too. Power 
outputs in C- and X-bands 
go to 1.5 watts, minimum. 
Ku-band—1 watt minimum. 
33-40 GHz—200 mW 
minimum. 50-75 GHz— 
50 mW minimum. Band- 
widths up to 10%, 
gains to 30 dB. 
And we warranty each 
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amplifier for one year. 

So if you'll write or 
call us about your needs 
and applications, we'll 
give you some solid 
answers. With no excuses. 
3100 W. Lomita Blvd., 
Torrance, CA 90509 
(213) 534-2121. 





MICROWAVE 
TUNING 
SCREWS 





METALLIC TUNING SCREWS 
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LC TUNING SCREWS 











MICROWAVE TUNING SCREWS are 
a unique, money saving means of in- 
troducing a variable reactance into 
waveguides, cavities and other micro- 
wave resonant structures. They are 
excellent for applications requiring pre- 
cision, low loss tuning. The self lock- 
ing design eliminates the need for 
locking nuts and assures stable, noise 
free adjustments in applications from 
L to Ka band. 


Patent No. 3,469,160 


Pohanson> 


MANUFACTURING CORPORATION 


ROCKAWAY VALLEY ROAD 
BOONTON, N.J. 07005 
PHONE (201) 334-2676 

TWX 710-987-8367 
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r&d roundup 


Harvey J. Hindin, Contributing Editor 


Transfer your electrons 


Moderate power, high-gain, mil- 
limeter wave amplification has now 
been achieved using GaAs trans- 
ferred electron devices. Both a 
waveguide and a coaxial structure 
have been designed and constructed 
with saturated power comparable 
to that obtainable from an oscil- 
lator. This accomplishment which 
opens the door to further develop- 
ments in solid-state millimeter- 
wave amplifier technology was re- 
ported in PROC. IEEE, Vol. 61, 
No. 10, Oct., 1973, pps. 1502-1504. 
The authors, R. E. Goldwasser and 
F. E. Rosztoezy describe their ex- 
perimental results in detail al- 
though construction details and 
photographs are lacking. 

The first amplifier is built in 
half-height waveguide and is iris- 
coupled to the load. The TED is 
center-mounted on a post near the 
back wall of a half-wave cavity. 
De bias is fed through an appro- 
priate multi-section filter. Small 
signal gain is 13 dB at 34 GHz. 
Output power is up to 17 dBm 
with a 16.2 dB noise figure and a 
180 MHz 8 dB bandwidth. Large 
signal characteristics are similar. 

Use of a coaxial-hybrid struc- 
ture aliows 2 GHz bandwidths to 
be obtained at 1% dc to rf effi- 
ciencies. Other specifications were 


What does the glue do? 


It’s to be expected that an ad- 
hesive layer between the metal and 
the substrate in a slot-line struc- 
ture will effect the slot-line wave- 
length, and this effect has previ- 
ously been noted experimentally. 
Thanks to J. B. Knoor and J. Saenz 
and “The Effect Of Surface Met- 
al Adhesive On Slot-Line Wave- 
length” (JEEE Trans on MTT, 
Vol. 21, No. 10, pps. 642-644, Oct., 
1973), we now have a theory and 
confirming experimental data. 

The perturbation analysis per- 
formed by the authors show that 
the presence of adhesive causes an 
increase in wavelength when the 
dielectric constant of the adhesive 
is less than that of the substrate. 
The wavelength increase is in di- 
rect proportion to T/D, but fre- 
quency dependence is small. 


TRANSFERRED ELECTRON AMPLIFIER (TEA) 


Vp * 4.9V 
Ip * 10A 
ake 34.8 GHz 


Power Output (mW) 


Power Input (mW) 


1. Circulator losses are included in 
the determination of power output. 
Note the lack of gain expansion at 
low-drive levels. The compression 
characteristic is desireably smooth. 


comparable to those achieved with 
the waveguide structure. 

Goldwasser and Rosztoczy believe 
that the 16 dB noise figure can be 
improved with an optimized dop- 
ing profile for the TED. They also 
feel that full waveguide band- 
width should be obtainable with 
the use of improved circuitry. 


b al 
“HW METAL, | 








apwesive» 








4 


pievectRIcS 








+ 
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1. While it is not always necessary 

to bond a metal to a substrate with 

an adhesive, the adhesive does af- 

fect wave length. This is frequently 

encountered in a slot-line structure. 


Careful measurements were per- 
formed for many substrates and 
surfaces. Different adhesives and 
thicknesses were also tried. It was 
found that in all cases, the exper- 
imental data could be accounted for 
by application of the newly-derived 
theory. 
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quad-ridged 
horn antennas 


cover i toli8 GHz 
in ocCave bands 


with selectable 


ation. 


1-2 GHz 


-8326-1 
WJ-8326-1 5 4 au, 


WJ-8326-2 


4-8 GHz 
WJ-8326-3 8-12 GHz 


WJ-8326-4 
12-18 GHz 
WJ-8326-5 


Watkins-Johnson’s 8326 Series high efficiency quad-ridged horns provide Specifications (any antenna): 
high gain, directional patterns over octave bandwidths with the capability Gain: 7 dB (low end) 
for horizontal, vertical and (with 90° hybrid) circular polarization. 12 dB (high end) 

The WJ-8326 Series is ideal for ECM, surveillance and direction-finding 3 dB B/W: 60° to 35° (E plane) 
applications. Each horn has been designed for use as a feed for a high-gain 65° to 40° (H plane) 
dish or as a primary radiator. VSWR: 3.0: 1, max. 

The W-J design expertise responsible for the WJ-8326 Series is available Cross Polarization: 20 dB, min. 
for the custom design of quad-ridged horns for other frequency ranges and Front to Back: 20 dB 
performance specifications. 

For further information on the WJ-8326 Series or any other Watkins- 

Johnson antenna or antenna system, contact your local W-J Field Sales 5 
Office or Antenna Applications Engineering in Palo Alto at (415) 493-4141. 
WJ WATKINS-JOHNSON 





Watkins-Johnson—U.S.A.: 3333 Hillview Ave., Palo Alto, CA 94304 * (415) 493-4141 * TWX: 910-373-1253 © Telex: 34-8415 * Cable: WJPLA © 700 Quince Orchard 
Rd., Gaithersburg, MD 20760 « (301) 948-7550 * TWX: 710-828-0546 * Telex: 89-8402 * Cable: WJCEI! © United Kingdom: Shirley Ave., Windsor, Berkshire SL4 
SJU, England * Tel: Windsor 69241 * Cable: WJUKW-WINDSOR « Telex: 847578 * West Germany: 8033 Planegg, Muenchenerstr. 17 ¢ Tel: (089) 859-9441 e 
Cable: WJDBM-Muenchen « Telex: (841) 529401 © Italy: Piazza G. Marconi, 25 00144 Roma-EUR « Tel: 59 45 54 © Cable: WJROM-ROMA « Telex: (843) 60117 
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AERTECH A2S800 SERIES 
IS 


SECOND SOURCE 
FOR 


HP 5082-2800 SERIES 
SCHOTTKY (HOT CARRIER) 
DIODES 


DELIVERY — STOCK TO 30 DAYS 


AERTECH 
MODEL HP MODEL 


A2S835 i 5082-2835 
A2S810 : 5082-2810 
A2S811 d 5082-2811 


A2S900 : 5082-2900 


*Quantity 1—99 


825 STEWART DR. 
SUNNYVALE CALIF. 94086 


(408) 732-0880 TWX 910-339-9207 
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news/meetings 


January 


29-31. Reliability & Maintainability 
Symposium. Biltmore Hotel, Los 
Angeles, CA. Contact: C. M. Bird, 
IBM Corp., 7900 N. Astronaut Blivd., 
Cape Canaveral, FL 32920. 


February 


13-15, 1974. The 1974 IEEE Inter- 
national Solid-State Circuits Confer- 
ence. Philadelphia Marriott Motor 
Hotel, Philadelphia, PA. Under the 
co-sponsorship of the IEEE Solid- 
State Circuits Council, IEEE Phila- 
delphia Section and the University of 
Pennsylvania. Contact: G. A. Al- 
phonse, RCA Corp., Princeton, NJ 
08540. 


19-22. 3rd Annual National Commu- 
nications Week Convention and Ex- 
position. Chase-Park Plaza Hotel, St. 
Louis, MO. Sponsored by the Com- 
munications Systems Management 
Association. Fee: $125-members be- 
fore 12/31 and $150 non-members 
before 12/31. Contact: CSMA Head- 
quarters, 1102 West Street, Suite 
1003, Wilmington, DE 19801 (302) 
658-4117. 


March 


12-14. Aerospace & Elec. Sys. Win- 
ter Convention (WINCON). Mariott 
Hotel, Los Angeles, CA. Contact: 
D. A. Hicks, Res. & Tech., 1800 
Century Park East, Century City, CA 
90067. 


12-15. Zurich Digital Communica- 
tions International Seminar. Swiss 
Federation Institute of Technology, 
Zurich, Switzerland. Contact: W. 
Guggenguehl, Institut fur Fernmeld- 
etechnik ETH, Sternwartstrasse 7 
CH-8006 Zurich, Switzerland. 


19-21. Electro-Optics International 
Exhibition. Metro-Pole Exhibition 
Center, Kiver Comm. Ltd., 149-155 
Ewell Road, Surbetin, Surrey, Eng- 
land. 01-3900-2810282. 


26-29. IEEE INTERCON-1974 Inter- 
national Convention and Exposition. 
Production Exhibition, New York 
Coliseum Convention technical pro- 
gram, Statler Hilton Hotel, New 
York City, NY. Contact: Don Larson, 
Manager, IEEE INTERCON, 3600 
Wilshire Blvd., Los Angeles, CA 
90010. 


April 


1-6. Seventeenth International Elec- 
tronic Components Exhibition. Paris, 
France. Contact: Jean Pierre Duclos, 
SDSA Press Service, 14 Rue De 
Presles, 75740 Paris, France. 


2-4. Reliability Physics Symposium. 
MGM Grand Hotel, Las Vegas, Ne- 
vada. Contact: Program Chairman: 
1. A. Lesk, Motorola, Inc., 5005 East 
McDowell Road, Phoenix, Arizona 
85008. 
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news/meetings 


8-11. Computer Aided Design Inter- 
national Conference & Exhibition. 
University of Southampton, South- 
ampton, England. Contact: Inst. of 
Civil Engineers, Great George St., 
Westminster, London SW 1, UK. 


9-11. 1974 International Optical 
Computing Conference. Zurich, 
Switzerland. Contact: Harry Hayman, 
PO Box 639, Silver Spring, MD 
20901. 


16-18. Optical & Acoustical Micro- 
Electronics. Commodore Hotel, New 
York. Contact: Jerome Fox, PIB, 333 
Jay St., Brooklyn, NY 11201. 


21-24. 1974 IEEE International Sym- 
posium on Circuits and Systems 
Theory. Sir Francis Drake Hotel, San 
Francisco, CA. Contact: L. Besser, 
Farinon Electric, 935 Washington St., 
San Carlos, CA 94070. 


22-24. Communications Satellite Sys- 
tem Conference. International Hotel, 
Los Angeles, CA. Contact: Dave 
Lipke, Comm. Satellite Corp., 950 
L'Enfant Pl., S.S.W., Washington, 
DC 20024. 

29-May 1. Southeastcon. Dutch Inn 
Orlando, FL. Contact: B. E. Mathews, 
Florida Tech., Box 25000, Orlando, 
FL 32816. 


May 


14-17. Intermag Conference. Four 
Seasons Sheraton, Toronto, Canada. 
Contact: R. C. Byloff, Wolf Research 
& Development Corp., 6801 Kenil- 
worth Ave., Riverdale, MD 20840. 


13-15. National Aerospace & Elec- 
tronics Conference (NAECON). Day- 
ton Convention & Exhibition Center, 
Dayton, OH. Contact: NAECON 74, 
140 East Monument Avenue, Dayton, 
OH 45402. 


Call for Papers 


Deadline: March 15, 1974. 1974 
IEEE International Symposium on In- 
formation Theory. University of 
Notre Dame, Notre Dame, IN. Areas 
of interest: coding theory, commu- 
nication systems, computational com- 
plexity, detection and_ estimation, 
pattern recognition, etc. Submit a 
500-word summary to R. T. Chien, 
Coordinated Science Labs, Universi- 
ty of Illinois, Urbana, IL 61801. Sym- 
posium will be held on Oct. 27-31. 


Deadline: April 1, 1974. Integrated 
Optics and Optical Waveguides. Pa- 
pers are to be used in the special 
issue of the IEEE Transactions on 
Microwave Theory and Techniques, 
January, 1975. Areas of interest: 
thin-film waveguides, optical fibers, 
waveguide interconnections, _ inte- 
grated systems and _ subsystems. 
Submit in triplicate to: D. Marcuse, 
Bell Labs, Crawford Hill Lab, Box 
400 Holmdel, NJ 07733. 
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Prodelin 


YOUR ANTENNA SYSTEMS PEOPLE 


works the way you want 


When you come to Prodelin, you get the finest in microwave trans- 
mission systems components. But you get more: you get quick de- 
livery from either our east or west coast plant . . . from the industry's 
largest inventory of antennas, elliptical waveguide, and accessories. 


And we work the way you want. If you prefer to have your system 
engineered for you, we’re ready. If you want to do the job yourself, 
we can provide all engineering assistance, tools, simple instructions, 
and testing procedures. (Prodelin’s rugged, mistake-proof MASAR 
antennas; bendable, twistable Spir-O-guide waveguide; fast, sure 
Spiro-O-lok connectors; and other components make the job just as 
easy and foolproof as can be.) 


We're so sure of ourselves that we offer 
Microwave Guaranteed Systems, with 
assured VSWR or return-loss spec- 
ifications, by the part or 

by the system. And, 

ultimately, that’s 

what you want. 

Come to Prodelin 

for performance. 


We give you what 

you need, in the way 
that best suits your 
needs. Let us tell you 
more. Just call or write. 


Hightstown, New Jersey 08520 
Phone (609) 448-2800 

Santa Clara, California 95050 
Phone (408) 244-4720 


READER SERVICE NUMBER 31 




















You read it right. One Kruse Model 540 Multiband 
Sweeper and two RF oscillator plug-ins blanket the 
microwave spectrum. One plug-in allows internally 
leveled continuous sweep from 10 MHz to 4.2 GHz; 
the other, 3.7 GHz to 18.5 GHz. No other solid state 
general purpose sweeper system offers this 
capability. Price $950, plus plug-ins ($3,250 to $8,650). 

Other ranges? Of course. 23 RF plug-ins, plus 
options, for the Model 540 Sweeper are available 
now, with more to come. Leveled and unleveled plug- 
ins cover from one to three bands each — all the way 
from 100 kHz to 18.5 GHz. 

For immediate demos, call your nearby Scientific 
Devices sales office or Kruse Electronics Division, 
Systron-Donner Corporation, 735 Palomar Avenue, 
Sunnyvale, CA 94086. Phone (408) 735-9660. 
Europe: Systron-Donner, Munich W. Germany, 
Leamington Spa U.K., Paris (Le Port Marly) France. 
Australia: Systron-Donner, Melbourne. 


SYSTRON =S.—~O DONNER 
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Jur fault locator 
pinpoints where- 
and what and when 


and why. 


Now you can locate and measure faults in your 
waveguide system. The auxiliary recorder 
gives a permanent record of return loss as a 
function of distance. You can determine the 
nature of the fault in seconds—broken trans- 
mission line, misalignment, etc. and readily 
determine corrective action. The return loss 
&S profile recorder provides a record to measure 
Thus you can spot early signs of corrosion and 
plan remedial action before faults become troublesome. Avoid expensive emergencies. 

The fault locator can be used in both waveguide and coaxial cable systems. It is a light- 
weight, portable, self-contained measurement system complete with necessary RF signal 
sources. Many optional items available to adapt it to specific needs and requirements. 

We welcome the opportunity to send you more complete information, or, perhaps, arrange 
a demonstration. For full details phone or write, Scientific Atlanta, Inc., P.O. Box 13654 
Atlanta, Ga. 30324. (404) 9388-2930. Or call one of our regional offices in the following 
cities: [_] Atlanta, Ga. (404) 938-2930 [[] Belleville, Ill. (618) 397-9251 ° a 
[] Bladensburg, Md. (3801) 779-1515 [] Burlington, Mass. Scientific 
(617) 272-1256 [] Dallas, Tex. (214) 357-1855 [] Denver, Colo. 


(303) 321-2483 [] Leonia, N.J. (201) 461-5340 [ Long Beach, Cal. Atlanta 
(213) 428-7515 [Los Altos, Cal. (415) 941-1616. Wile ayetunatt. 
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If you need micro- 
wave transistor amplifiers 
with ultra-low-noise 
performance in a hurry, 
get in touch with Varian. 
We can guarantee delivery 
within 30 days—many 
models-ean be&shipped 
within 24-48 hours. And 
you dor‘ihave to sacrifice 
performance for fast 
delivery—check out the 
examples shown here, or 
call for details on other 
standard models. 


For wideband systems: 


Get fast delivery on 


ultra-low-noise preamps 
for radar, ECM, or communications 
from Varian. 





Maximum 
Noise Figure 


Frequency 
Range 


(GHz) (dB) 


Gain* 


Minimum 


Power Output 
at 1dB 
Compression 


Type 
Number 


(dBm) 





0.5-1.0 aK 25 
0.5-1.0 2.6 40 
1.0-2.0 K 25 
1.0-2.0 “ 40 
2.0-4.0 é 25 
2.0-4.0 , 40 


+10 
+10 
+10 
+10 
+10 
+10 


VSP-7431A 
VSP-7431K 
VSL-7441A 
VSL-7441K 
VSS-7451J 
VSS-7451K 





*Gain variation for all units is 


VSWR is 2.0:1 


*1.0 dB 


Maximum input and output 


For radar systems: 


For communications systems: 





Maximum 
Noise Figure 


(dB) (dB) 


Frequency 
Range 


(GHz) 


Minimum 
Gain* 


Power Output 
at 1dB 
Compression 


(dBm) 


Type 
Number 





0.47-0.89 
1.54—1.66 
1.7-2.4 
3.7-4.2 


2.5 25 


25 
3.5 25 
5.0 40 


+10 VSP-7431D 
+10 VSL-7441F 
+5 VSL-7441N 
mf VSG-7421R 





*Gain variation for all units is 1.0 or less. Maximum input and output 


VSWR is 2.0:1 





Frequency 
Range 


Maximum 
Noise Figure 


(GHz) (dB). 


Minimum 
Gain* 


Power Output 
at 1dB 
Compression 


(dBm) 


Type 
Number 





1.1-1.4 
2.7-3.1 
3.1-3.5 


(2.25 
K ps) 


4.5 


+5 VSL-7441M 
+5 VSS-7451N 
rT VSS-7451T 





*Gain variation for all units 


VSWR is 2.0:1 


is +1.0 or less. Maximum input and output 


evarian 
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Most of the units 
listed here measure only 
Ved Ks tess 
connectors and require 
+15 Vdc for operation. 
Amplifiers can also be 
supplied for operation 
from line voltages or other 
d-c sources. They can be 
supplied to meet the 
requirements of 
MIL-E-5400, Class II and 
MIL-E-16400 as a mini- 
mum. A wide variety of 
options are available. For 
details, contact any of the 
more than 30 Varian 
Electron Tube and Device 
Group Sales Offices 
throughout the world or 
call (415) 493-4000, 
Extension 3746. 
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varian has 


Low Noise TWTA’s 
to 40 GHz 


Varian can also deliver 
ultra-low-noise 
traveling wave tube amplifiers 
with the optimum combination 
of noise figure, bandwidth, 
gain, power output, size 
and weight for use at 
frequencies beyond the limits 
of solid state amplifiers. 
Varian wideband low-noise 
TWTA's feature bandwidths 
up to two octaves, 
while ultra-low-noise units 
have noise figures among 
the lowest available. 

All units can meet 
environmental requirements 
for military applications. 
Higher frequency models 
include units that operate 
over the 18.0—26.0 GHz 
and 26.0—40.0 GHz ranges. 


more of what you 
need now... 


.. fOr 
electronic warfare 
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for your personal interest. . . 


For the past ten years, MicroWaves has been serving the microwave engineer 
with articles on how to do his job better. We now include a column to aid you 
with items that entail business, travel, and financial aspects. We would appreciate 
your comments. 


Look for air fares to go up with the coming new year. Lack of fuel and mas- 
sive lay-offs have resulted in less flights and those that remain will. have an 
approximate increase of 5% on domestic flights, 6% on North Atlantic 
flights and 12% on Youth fares for North Atlantic flights (approximately 
$30 higher than the current fare). If you encounter difficulties in securing 
a firm reservation, it would be wise to try standby. This should not be a 
major problem with transcontinental flights but commuter flights have had 
the most serious cutbacks. 


In the short-term future, houses will have a warranty. Cost will be about 
$2 for each one thousand of the price. The benefits are plenty-full protection 
against any problem in the workmanship or defective materials for the first 
year; protection on defective structure and electrical, heating, cooling and 
plumbing for the second year; and protection on major construction problems 
for the next eight years. This responsibility lies with the builder—if he should 
close his business your insurance company will then handle all problems. 


“Pocket Guide to Choosing a Vocational School’’ might be of interest to 
either you or your children. It helps in avoiding those courses which train 
you for skills that are no longer in demand or about to become obsolete. 
Also included is a payment of fees. Write to: Federal Trade Commission, 
Consumer Information, Pueblo, CO 81009. 


Involved in a car pool? If you are working your pool on a profit basis, check 
into your car insurance. The driver in this situation often is required to register 
as an omni-bus. Remember also that should you be involved in a serious 
accident, you will most probably be sued. Insurance agents advise that you 
carry bodily injury liability of $100,000 per injury and $300,000 per accident. 
Many people are already covered under such a plan. Also look into medical 
payments for each individual who is a passenger in your vehicle. If you do 
have to increase your insurance to add this coverage, the estimated cost is 
from $25 and up. 


It’s time to get yourself into shape for the ski months. It is estimated that 
many accidents could be avoided or will result in less serious injury if you 
exercise properly before attempting the sport. Recommended are a varied set 
of exercises which should include: leg lifts, deep knee bends, toe stands, 
sit ups, etc. Add to this some jogging or running. As with any exercise, begin 
slowly at first and gradually increase the number. Limbering yourself before 
you ski will add to both your health and enjoyment. 


You might want to acquaint yourself with the newest types of contact 
lenses on the market. At present, there are three types available: hard or 
regular, semi-soft and soft. Many people fear the adjustment and the care 
involved for lenses. One optometrist states that lenses give their wearers a 


significantly broader scope of vision than do glasses—with good or better 
vision. 


The difference among the three is adaptability, care and cost. The least 
expensive and the oldest on the market are the hard lenses. They are also 
quite easy to care for. Their main drawback as opposed to the others is that 
they are somewhat difficult to first adapt to. Semi-soft lenses are as easy 
to care for as hard lenses combined with quick adaptability of the soft lenses. 
Soft lenses are the most comfortable, have easy adaptability but they must 
be sterilized once a day and are the highest in cost. Hard lenses range from 
$125 to $250 a pair and semi-soft and soft are $250 up to $400 a pair. 
Wearability is longest for the hard lenses—up to five years, the remainders 
should be replaced every two years. Insurance rates range from $17 per 
year on the hard lenses and $30 per year for the soft and semi-soft. —S.L.B. 
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editorial 


Opportunity knocks. 
Can you open the door? 


This month’s special report points up the 
demands being placed on the microwave semi- 
conductor industry for low-cost power tran- 
sistors to supply the newly created 900 MHz 
mobile-communications market. This- need | 
evolves from spectrum crowding at the hf, 
vhf and low uhf bands. The need for new 
spectrum allocations is clearly warranted, but e 
the question remains: can the microwave in- ,~ 
dustry deliver a 1 GHz device in volumes of thousands per week 
at a price of $1 a watt? 

The mobile radio manufacturers realize that microwave indus- 
try has the technology, but doubt if they can meet volume pro- 
duction and price specifications. Semiconductor manufacturers 
are responding to this challenge by devoting extensive R&D ef- 
forts toward developing a suitable device. The problem, according 
to many manufacturers, lies in developing an economic package. 
Presently, many power transistors designed for 1 GHz are for 
solid-state phased array and require elaborate packaging schemes 
in order to achieve ultra-wide bandwidths. In land-mobile appli- 
cations, however, a higher level of parasitics can be tolerated 
since the application is essentially narrow band. Prototypes 
exhibited by several companies feature simple packages that are 
not only cheap to build, but lend themselves to mass-production 
techniques. 

The technology is there, but the manufacturers say that in 
order to lower costs, they must have incentives and commitments 
for volume production. 

A similar situation exists in the military’s reluctance to en- 
dorse large scale solid-state phased array programs. Manufac- 
turers are still expected to prove reliability but cannot really do 
this economically and on the massive scale required without a 
firm government commitment. 

What is needed, in both cases, is an expression of mutual 
confidence—backed by dollars. Transistor manufacturers must 
honestly assess their manpower and facilities in order to make 
accurate appraisals available to purchasers. The systems people, 
on the other hand, must somehow demonstrate that their need 
is real and must supply firm commitments as early as possible. 
No one likes to rely on empty promises. 

The year of giant growth for land-mobile communications 
could also be the year of great opportunity for the microwave 
semiconductor industry, if they are up to it. 


a ig V. Pease 


Associate Editor 
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This new 10-watt 


amplifier is tough 


even in a 


mismatch! 


The Model 10LA is one broadband amplifier you 
don’t have to treat with kid gloves. It will stand 
up under any mismatched load and provide you 
with 10 watts of swept power from 1-110 MHz. A 
directional wattmeter enables you to determine 
actual power delivered to the load. You can per- 
form antenna and component testing, equipment 
calibration, NMR research -- any number of tests 
-- with complete confidence. It takes more than 
a-mismatch to knock out our 10LA. Find out 
for yourself, write: Amplifier Research, 160 
School House Road, Souderton, Pa. 18964. 
Phone: 215-723-8181 
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TO COAXIAL ADAPTER 


MMC MODEL SDRE8004A — 1.30 MAX. VSWR 

MMC has just completed the development of this superior adap- 
ter which was made possible by the new MPC2 connector, this 
connector has just been recently developed by MMC for use 
with .086 coaxitube and provides mode free operation to 40 
GHz. We produce a comprehensive line of test equipment and 
components in WRD180C24 Double Ridged Waveguide and 
utilizing the new MPC2 connector - call us or send for full details. 
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The Year Of Giant Growth Arrives 
For Land-Mobil¢ 


ommunications 


Photo courtesy of New York Convention and Visitors Bureau 








WANTED: Semiconductors. Power transistors capable of handling 
10-35 W at 806-947 MHz. Need 7-dB nominal gain. Transistors must 
use 12.5-Vde bias and withstand severe shock and temperature specs. 
Willing to order thousands weekly at about $10 apiece. Address all 
replies to the Land-Mobile Communications Industry. 








he ad is hypothetical, of course, 

but the need is real, brought on 
by a critically crowded land-mobile 
communications spectrum. The last 
major spectrum allocation to land 
mobile users was in 1948, when 
there were 83,000 licensed trans- 
mitters. Today there are five mil- 
lion users, all packed, sardine style, 
into the same spectrum, and their 
numbers are growing 20% a year. 

Those affected by this spectrum 
squeeze range from the executive 
who must wait several years for a 
mobile-phone license to policemen 
and firemen, whose very lives hinge 
on reliable communications. In 
September, 1972, Patrolman An- 
thony Raymond spotted a_sus- 
picious car cruising on the EHisen- 
hower Expressway near Hillsdale, 
IL, a suburb of Chicago. Stopping 





Stacy V. Bearse 
Associate Editor 


the car for a routine check, the 
officer began to radio the license 
number back to headquarters, but 
he was knocked off the band by 
other users. His transmission was 
never completed. Hours later, his 
car was found empty. Months later, 
Patrolman Raymond’s body was 
found buried in a shallow grave 
in the mountains of northern Wis- 
consin. 

To prevent tragic mobile com- 
munication failures like this, to 
pump vitality into an all but choked 
branch of communications, Govern- 
ment and industry are working on 
several fronts to expand the spec- 
trum. Among the major steps they 
are taking are these: 

e The FCC has reallocated a 
band 115-MHz wide between 806 
and 947 MHz, originally earmark- 
ed for uhf television, to land mo- 
bile. The highest band now in 
nationwide land-mobile use is 450 
to 470 MHz. 


e System proposals for the new 
band are centered on breaking 
down large transmitting areas into 
“cell” areas. By restricting mobile 
communications to each cell, de- 
signers aim to increase the num- 
ber of times a channel can be used 
within a large area. A vastly ex- 
panded mobile-telephone system 
and a new portable telephone that 
can be carried in an attache case 
are envisioned. 

e Major mobile manufacturers 
—RCA, GE and Motorola—are de- 
veloping miniaturized frequency 
synthesizers as key components for 
the proposed high-capacity  sys- 
tems. 

e Semiconductor manufacturers, 
responding to a clamor from equip- 
ment designers for low-cost power 
semiconductors, are pushing the 
development of a new class of mi- 
crowave transistors. 

e As industry eyes the 900-MHz 
band, it plans circuitry heretofore 
foreign to commercial communica- 
tions. Beam-lead technology, varac- 
tor multipliers, silicon-on-sapphire 
chips and LSI circuit techniques 
are being considered to cope with 
the stringent multi-channel re- 
quirements. 
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Three major proposals weighed 


Three proposals filed recently 
with the Federal Communications 
Commission illustrate the tremen- 
dous potential of the newly created 
band. Two of the designs—one by 
Motorola, the other by AT&T— 
encompass radio-telephone systems. 
The third proposal, by General 
Electric, suggests a new private 
dispatch service in which many 
users can time-share a few chan- 
nels through a central computer. 

The Motorola and AT&T plans 
(Fig. 1) would subdivide large 
mobile-telephone coverage areas, 
now about 100 miles across, into 
small cells, each typically two to 
eight miles wide. A set of channels 
would be assigned to each cell. The 
range of transmitting bases and 
mobile units would essentially be 
limited to each cell, thereby allow- 
ing reuse of the channels in other, 
nearby cells. 

For example, a city now covered 
by only one transmitter would be 
broken down into many cells, the 
size depending on expected sub- 
scriber density. In the Motorola 


system, called Dynatac, one trans- 
mitter would cover each cell, and 
it would be tied in with satellite 
receivers distributed throughout 
the area. In the AT&T system, call- 
ed Hi-Cap, transmitter/receiver 
base stations would be placed at 
alternate corners of hexagonal 
cells. As the mobile units in both 
systems moved from one coverage 
cell to another, they would be 
“handed off” to a new base station 
and automatically assigned to an 
appropriate channel by a central 
processor. 

The Motorola and AT&T systems 
differ in their potential users and 
in bandwidth specifications, as well 
as in cell structure. AT&T has 
petitioned the FCC for exclusive 
use of a 75-MHz-wide band from 
806 to 881 MHz—nearly 65% of 
the newly allocated spectrum—to 
combine mobile and portable tele- 
phone and dispatch services into 
an expanded mobile-telephone sys- 
tem. Robert Mattingly, head of the 
Mobile Systems Development Dept. 
at Bell Laboratories in Whippany, 
NJ, explains that 64 MHz would 
be used for land-mobile communi- 


cations and 11 MHz for air-to- 
ground links. The system would 
have 800 channels, with 40-kHz 
channel spacing and 12-kHz devi- 
ation. AT&T has no plans to 
manufacture the _ mobile-radio 
equipment but intends to concen- 
trate on transmitting and switch- 
ing messages. 

Motorola, on the other hand, is 
proposing to supply the equipment 
and design know-how to interested 
managers. Its system is based on 
1-W, hand-held duplex radio-tele- 
phones. Prototypes of these bat- 
tery-powered portables can be car- 
ried in attache cases. They are 
completely self-contained and allow 
users to make or receive phone calls 
wherever they happen to be. 

Motorola has asked the FCC for 
a 19-MHz-wide allocation to estab- 
lish a trial system in New York 
City. The first subscribers would 
be served late in 1976. Bob Waltz, 
a spokesman for Motorola Commu- 
nications in Schaumburg, IL, de- 
scribes the Dynatac concept as a 
special case of mobile telephone. 
“It is not,” he says, “a replace- 
ment for either vehicular mobile 


(continued on next page) 





There are two major classes of 
land-mobile communications: private 
dispatch and _ public correspond- 
ence. 

The majority of users rely on 
private dispatch. Such radios are 
used by public service departments, 
transportation services and private 
businesses to communicate between 
one fixed base station and severai 
vehicles. Typically users provide 
their own equipment and have the 
exclusive use of a private channel, 
20 kHz wide, in bands falling be- 
tween 25 and 50 MHz, 150 and 160 
MHz and 450 and 470 MHz. Some 
land-mobile users in the 10 largest 
metropolitan areas also share a 


Mobile Transmitter 
Base Antenna Gain 
Base Receiver 
Noise Figure 
Transmission Line 
Loss 1 dB 
Terrain Loss 22 dB 
Function (90% Data) 
Average Noise Level 0 
City Factor; Foliage Loss 10 dB 
Maximum Power ‘Permitted 
Channel Bandwidth 
Frequency Deviation 
(Each side of Center) 
Frequency Stability 


60 W 
6 dB 


10 dB 


5 kHz 


(a) Input to Final Stage 





600 W (a) 
20 kHz 


0.0005% 


(b) Effective Radiated Power 


Two main mobile setups 


band from 470 to 512 MHz with 
uhf television. 

The total land-mobile allocation is 
about 40 MHz wide, and the Federal 
Communications Cornmission reports 
that there are now over five million 
licensed private-dispatch transmit- 
ters in this spectrum. 

Private dispatch is characterized 
by short messages that last, on the 
average, about 15 seconds. Trans- 
mission is usually simplex and two- 
way. 

The second category of land- 
mobile communications, public cor- 
respondence, includes mobile tele- 
phone. A mobile telephone is es- 
sentially a dispatch radio with 12 


LAND MOBILE TECHNICAL SPECIFICATIONS 


Frequency Band 
150 MHz 


450 MHz 


40 W 
10 dB 


900 MHz 


20 W 
13 dB 


10 dB 13 dB 


2 dB 
35 dB 


3 dB 
43 dB 


—5 —15 
28 dB 34 dB 
1000 W (b) (c) 

20 kHz (c) 


5 kHz (c) 
0.00025-0.0005% (c) 


(c) Not Specified 


channels and a means of address- 
ing a special base station. The sys- 
tems are maintained by specialized 
common carriers. 

The public-correspondence base 
station is interfaced with the nation- 
wide telephone network, and pro- 
vides switching and billing for mobile 
calls. Subscribers to a mobile-tele- 
phone service provide their own 
radio-telephone and pay a monthly 
service fee ranging from $40 to $50 
to the common carrier. Although 
AT&T and affiliated Bell systems 
operate most mobile-telephone serv- 
ices, they do not manufacture 
mobile equipment. Motorola, RF 
Communications and General Elec- 
tric are the major suppliers. 

Mobile-telephone transmission is 
duplex, allowing the user to transmit 
and receive simultaneously. In con- 
trast with the average 15-second 
dispatch mesages, telephone con- 
versations average between two and 
three minutes. 

Both types of land-mobile com- 
munications use FM _ transmission. 
FM is preferred mainly because of 
its superior ‘“‘capture’’ qualities. 
Capture simply means that if a re- 
ceiver is subjected to two FM sig- 
nals of nearly the same frequency, 
it will latch onto the stronger and 
virtually reject the weaker, thereby 
minimizing co-channel interference. 
AM is impractical because of the 
extreme fluctuations in signal 
strength encountered by a mobile 
vehicle speeding through a coverage 
area. e@ 
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telephone or private dispatch.” 
The GE system, called Multiple 
User Private Dispatch Service, is 
designed to make shared private 
dispatch more economical for small 
users. At present approximately 
70% of all commercial urban ve- 
hicles belong to fleets of five ve- 
hicles or less. Yet only 10% of all 
licensed mobile transmitters are 
found in the small fleets. The rea- 
son, according to Glenn Peterson, 
general manager of GE’s Mobile 
Radio Div. in Lynchburg, VA, is 
cost. The small businessman sim- 
ply cannot justify the expense of 
base-station equipment, towers, 
antennas and mobile radios. 
Traditional shared-dispatch sys- 
tems involve as many as 50 users 
sharing a single channel. Each 
user owns his own base and mobile 
equipment. Communications are 
generally not private, and users 








If you live near a major city, call 
the telephone company service of- 
fice and request mobile-telephone 
service. Chances are, your applica- 
tion will lie dormant on a waiting 
list for a year or two until someone 
who already has mobile service de- 
cides to give it up. The inherent 
design of present systems along 
with a meager spectrum allocation 
(less than 1.5 MHz total) limit this 
desirable service to less’ than 
90,000 subscribers nationwide. 

Today’s mobile-telephone — sys- 
tems use one 12-channel transmit- 
ter/receiver to cover a 50-mile 
radius. With 30-40 subscribers per 
channel, this means that only about 
400 subscribers can be accommo- 
dated within a 7,850 square-mile 
area. Also, only 12 simultaneous 
conversations are possible in any 
given area. 

To further illustrate the current 
mobile-telephone situation and the 
relief afforded by the 900 MHz 
band, consider the following: The 
state of Pennsylvania currently has 
about 2,274 mobile-telephone sub- 
scribers. The city of Philadelphia 
alone has 1,684 applications wait- 
ing for space on its mobile-tele- 
phone system. AT&T’s Hi-Cap plan, 
implemented in the 900 MHz band, 
can eventually accommodate over 
340,000 subscribers in that city 
alone. 

Bell’s system takes a large cov- 
erage area now handled by a single 
transmitter/receiver base _ station 
and breaks it up into a honeycomb 
of smaller hexagonal coverage cells. 
Thus, a city that is now served by 


must wait until the channel is clear 
before they initiate a call. GE’s 
plan promises to reduce drastically 
the equipment needed by a user, 
because everyone would share the 
same base station. 

Instead of a radio, subscribers 
in the GE system would be pro- 
vided with a keyboard console, 
which would be connected to a cen- 
tral computer-controlled base sta- 
tion by a wire link. To talk to a 
mobile unit, the subscriber would 
address the computer by tapping 
in an appropriate code. The com- 
puter then would search through a 
group of channels, looking for an 
opening. When a channel became 
free, the base would transmit a 
control signal, which would place 
the mobile unit on the proper chan- 
nel, thereby completing the com- 
munication link. 

Its system, GE 


says, would 


Cell structures key to spectrum conservation 





1(a) 











one base station might be divided 
into seven distinct coverage areas 
(Fig. 1(a)). Bell engineers plan to 
place low-power (10 W) base sta- 
tions on alternate corners of each 
hexagonal cell and cover portions of 
three adjacent cells by means of 
highly-directional antennas. All base 
stations will be connected, by wire- 
line, to a central mobile-switching 
office. 

Bell would also take its total 
channel allocation and divide it into 
seven groups. Each coverage cell 
would be assigned one channel 
subgroup. Our hypothetical city is 
now covered by a grid of 7 cover- 
age cells, each using a distinct 
group of channels. 

Mobile units would be equipped 
with 10-W transmitters and would 
employ frequency synthesizers in- 
stead of the crystal-controlled oscil- 
lators presently used. The synthe- 
sizers would be controlled by a 


double the message potential of 
present systems and typical user 
costs for small fleets would range 
from $35 to $60 a month. 

GE has applied for permission to 
build a trial system in Dallas, TX. 
With favorable FCC action, the 
system could be operational next 
year, the company says. According 
to Bob Gordon, manager of ad- 
vanced development engineering 
for GE Mobile Radio, the system 
would have initially four voice chan- 
nels plus one control channel, but 
it could be expanded to 64 chan- 
nels. Channel spacing would be 25 
kHz. In oral arguments, Peterson 
told the FCC that such a system, 
serving 200 users and 800 mobiles, 
would cost about $1-million to 
build. 


Improved equipment needed 
Obviously the systems people 





logic center located inside the 
vehicle’s radio. During a conversa- 
tion, a computer in the mobile- 
switching office would track the ve- 
hicle by comparing signal strength 
information received from several 
base stations. If the computer de- 
tects that a subscriber has moved 
from one cell to another, it would 
instruct the base station receiving 
the strongest signal to transmit 
data, over a control channel, in- 
structing the mobile’s frequency 
synthesizer to change to an open 
frequency in this new cell’s channel 
subgroup. 


Break it up 

The major advantage of the Hi- 
Cap system is its ability to grow 
with demand without using up any 
more spectrum space. Consider the 
city that was broken down _ into 
seven cells in the earlier example. 
Allowing 7 subscribers per channel, 
some 5,600 could be handled city- 
wide. 

As the city-wide demand for 
mobile service approached this 
figure, the size of the coverage 
cells would be decreased, the cus- 
tomer-to-channel ratio would be in- 
creased and more cells would be 
added. The cell structure would 
be changed by adding more base 
stations and adjusting their range 
and radiation pattern to define a 
new cell network. 

By repeating this seven-cell 
grouping over and over, more sub- 
scribers could be accommodated 
without using any more spectrum 
bandwidth. 
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have been very active. They are 
challenging equipment designers 
and semiconductor manufacturers 
to keep pace. Ask a land-mobile 
engineer where the challenges are, 
and he will probably mention these 
areas: 

e Remedies for more complicat- 
ed propagation losses. 

e New logic and freyuency syn- 
thesizers to cope with multichannel 
requirements. 

e New power’ semiconductors 
that are competitive in perform- 
ance and cost with those now used 
at lower frequencies. 

Propagation tests conducted by 
RCA’s Communications Div. in 
Meadow Lands, PA, indicate that 
the characteristics of 900-MHz 
transmission (Fig. 2) are similar 
to those of 450 MHz, with a few 
noteworthy exceptions. The tests 
were conducted in the Pittsburgh 


area, with a remotely operated 
base station atop a 400-foot bluff 
and a van equipped with receiving, 
measuring and control equipment. 
Co-linear arrays were used as base 
antennas, and they put out some 
560 W of effective radiated power. 
A side-by-side comparison of propa- 
gation over “rolling hills, deep val- 
leys and thick tree cover,” RCA 
reports, shows that, in general, the 
propagation loss at the higher fre- 
quency is 8 dB greater. 

Under typical conditions, cover- 
age was observed to be virtually 
similar for 450 and 900 MHz. 
Measurements were taken along 
two belts, 10 and 20 miles from 
the base station. As seen in the ac- 
companying table, 97% of the sig- 
nals measured along the belt 20 
miles from the base statiun were 
usable at 450 MHz and 89% at 
862 MHz. Along the ten-mile belt, 


99% of the signals were usable 
at 450 MHz and 96% at 862 MHz. 
A usable signal was defined as one 
of greater than 0.25 wV. 

In a paper delivered last month 
to the IEEE Vehicular Technology 
Conference in Cleveland, Andrew 
M. Missenda, manager of advanced 
development engineering at RCA, 
said: “The 900-MHz band may of- 
fer some significant coverage ad- 
vantages over the existing band in 
such city areas as long tunnels and 
under elevated roads and _ rail- 
roads.” 

Missenda found that in various 
tunnels in the Pittsburgh area the 
signal strength was as much as 15 
dB greater at 900 MHz than at 450 
MHz. He attributes the surprising 
improvement to a more _ highly 
scattered signal illumination at the 
tunnel entrance and multiple reflec- 
tions along the tunnel walls. 


(continued on next page) 





Cells tailored to area 
Motorola’s Dynatac system also 
uses small coverage zones, but, 
unlike AT&T’s hexagonal cells, they 
are not symmetrical. Rather than 
impressing a fixed cell pattern over 
a given area, Motorola engineers 
would let an area’s_ propagation 
characteristics and projected sub- 
scriber density dictate the size and 
shape of each cell. 

“To set up Dynatac coverage, 
(Fig. 1(b)) the first thing that 
you want to do,’ says Martin 
Cooper of Motorola, ‘‘is to be able 
to reach portables anywhere in the 
city. You must lay a network of 
base station transmitters such that 
you have complete coverage. Now, 
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considering that the base transmit- 
ter is much more powerful than the 
1-W portables, you must blanket 
the city with receivers so that no 
matter where a portable is, he may 
be received. Groups of receivers 
are then associated with base 
transmitters, and the entire system 
is connected to a central control 
center that makes transmitter, re- 
ceiver and channel assignments to 
each portable.” 

A base station transmitter and 
the satellite receivers associated 
with it would comprise a coverage 
cell. 

Motorola proposes to divide the 
total number of available channel 
pairs (380 for a trial New York 
City system) into seven unequal 
groups. Every cell would be assign- 
ed one group of channels. The 
groups containing many channels 
would be assigned to cells covering 


a4 


areas of exceptionally high usage. 

As in the AT&T proposal, a pat- 
tern of seven coverage cells would 
use up all available channels and 
the system would be expanded in 
much the same way as a Hi-cap 
system; by repeating the same 
seven-cell pattern over and over 
again. 

Motorola uses a terciary offset 
frequency technique to counteract 
the potential for co-channel inter- 
ference caused by using a 25-kHz 
channel spacing. Each channel is 
divided into three subgroups. All 
channels in the A subgroup are off- 
set 8.33 kHz below the original 
channel’s center frequency. Chan- 
nels in the B subgroup are at the 
center frequency while channels in 
the C subgroup are offset 8.33 kHz 
higher. In designing a coverage 
scheme, all channels of the A sub- 
group would be assigned to a sev- 
en-cell grouping. As the seven-cell 
pattern is repeated, channels from 
the B subgroup would be used. If 
a third seven cell pattern is re- 
quired, it would use channels from 
the C subgroup. By building up cov- 
erage in this manner, no adjacent 
seven-cell groupings would use 
channels having exactly the same 
center frequency (Fig 1(c)). Metor- 
ola engineers claim that this tech- 
nique decreases the level of co-chan- 
nel interference by 20 dB. 

As subscribers move from cell to 
cell, channel reassignments would 
be made in much the same manner 
as in the Bell system and occur 
within a time frame of 25 milli- 
seconds. 
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RCA engineers found similar en- 
hancement along the steep banks 
of local rivers. Fred Barton, a 
senior advanced development engi- 
neer for RCA, concludes: ‘On the 
basis of our tests, we have recog- 
nized some problems of 900-MHz 
propagation, but they are not in- 
surmountable. The 900-MHz dis- 
patch systems will be practical in 
the near future.” 

Motorola has been conducting 
propagation tests in New York 
City, Washington, DC, and Chica- 
go. The tests were aimed at evalu- 
ating propagation parameters that 
might influence a cellular-coverage 
system. They showed that man- 
made structures can seriously affect 
propagation. Big buildings, the re- 
port concludes, can cause large and 
random fiuctuations in signal 
strength over a small area. Peak- 
to-peak variations of up to 35 dB 
were observed. 

Since Motorola is interested in 
marketing hand-held radio-tele- 
phones, its designers must consider 
propagation losses when broadcast- 
ing into or out of a building. Very 
little published data exists on 
building losses at 900 MHz, but 
tests by the FCC indicate that a 
35-dB loss would have to be over- 
come. The tests were based on 
transmission from street level to 
an interior, second-floor hall. 

In its application before the 
FCC, Motorola concludes that cel- 
lular systems must be tailored to 
widely varying local characteristics 
to minimize co-channel interfer- 
ence and cost and spectral ineffi- 
ciencies. 

GE’s tests predict that the prop- 
agation loss at 900 MHz would be 
10 dB greater than at 450. 

Further work on predicting 900- 
MHz propagation characteristics 
has been done by Schultz! and 
Okumura and associates.’ 


A key role for frequency synthesizers 


Because of the vast number of 
channels about to open, most 
mobile-communications engineers 
agree that frequency synthesizers 
will play an important role in tele- 
phone and dispatch services at 
900 MHz. AT&T’s Hi-Cap system 
requires an 800-channel potential. 
Motorola’s Dynatac demands 380- 
channel agility, and GE’s Multiple 
User Private Dispatch Service 
eventually would need mobile units 
with 64-channel capability. 

Designing synthesizers for base 
‘stations where size and power 
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Percent of Points Measured 





Belt 1 


Belt 2 





Signal Strength 450 MHz 


862 MHz 450 MHz 


862 MHz 





Good (> 1.0 ,»V) 79 

Usable (> 0.25 yuV) 18 

Not Usable (< 0.25 yV) 3 

At Least 0.25 yV 97 
(a) 


two test belts (a) indicate little dif- 
ference in coverage between 454 
MHz and 862 MHz. Multipath signal 
variation (b), resulting from a ve- 
hicle moving through a_ standing- 
wave pattern created by the vector 
sum of many reflected wave fronts, 
occurs at about twice the rate for 
the higher frequency, as expected. 
Note that signal strength is about 
8 dB less at 862 MHz. 





2. Propagation measurements along 


54 85 62 
35 14 34 
11 1 4 

99 96 


MULTIPATH SIGNAL VARIATIONS 


ee 


pahtnadhh ata 
Vi LAM, iain AY 
ue bey : | i 

7 


i 


454,55 MHz 


CHART SPEED = 25 mm/sec, 


(b) 








drain are not very crucial does not 
seem to present a problem. “The 
challenge,” according to Missenda 
at RCA, “is designing for a port- 
able. There is a speed-power drain 
trade-off to be concerned with. 
Operating in the region of 900 
MHz, existing synthesizers require 
a lot of current.” 

Tom McKee, manager of mobile 
and station engineering for GE in 
Lynchburg, notes that many instru- 
mentation synthesizers draw in ex- 
cess of an amp. He indicates that 
present land-mobile  crystal-con- 
trolled transceivers draw about 150 
mA on standby. The synthesizer 


must not add appreciably to this 
and, in any case, not raise the total 
current drain above 500 mA. 

“The key to successful design is 
to find a micropower technique 
comfortable at high speeds,” Mis- 
senda continues. He suggests sili- 
con-on-sapphire circuitry. 

Motorola seems to have the syn- 
thesizer technology ironed out in 
its Dynatac portable, although it 
won’t. discuss cost. A digital syn- 
thesizer referenced to a 2.5-part- 
per-million crystal oscillator and 
controlled by a supervisory logic 
center can generate about 380 dis- 
tinct channel pairs. Motorola is re- 


(continued on p. 44) 
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luctant to discuss details, but it 
admits that the VCO and dividers 
are made with LSI circuits and 
CMOS circuitry techniques. 


Wanted: Economical power semis 


The limited availability of power 
semiconductors in the 900-MHz re- 
gion is described by many radio 
designers as the factor that could 
limit the success and growth of 
this band. Basically the designers 
are calling for 12-V_ transistors 
capable of handling 10 to 35 W 
and giving typical gains of about 
7 dB between 806 and 947 MHz. 
Technically this is certainly feasi- 
ble. However, since the land-mobile 
market is consumer-oriented—and 
therefore very cost-conscious— 
these transistors must be priced 
competitively with devices used in 
the 450-470-MHz band—roughly $1 
per watt. 

“Right now, there are no suitable 
semiconductors in volume produc- 
tion that are practical and have 
sufficient power,” says Martin 
Cooper, vice president and director 
of systems operations at Motorola 
Communications. 

Tom Moutoux, vice president of 
engineering at Communications 
Transistor Corp., San Carlos, CA, 
says: “I can understand the radio 
manufacturers’ concern. Looking 
at the market for microwave tran- 
sistors today, about the lowest 
price for a 20-W product is $150, 
with manufacturers delivering only 
one-to-nine quantities. We must be 
prepared to deliver thousands per 
week at about $20. This cannot be 
a microwave transistor. A new 
transistor, involving microwave 
construction techniques with inno- 
vative packaging, must evolve.” 

GE’s McKee feels that the big- 
gest single challenge in designing 
commercial equipment for the new 
band is generating adequate rf 
power economically. 

“Not only are the transistors 
currently available more expensive 
at 900 MHz,” he notes, “but be- 
cause they don’t have the gain of 
lower-frequency devices, it takes 
more of them to reach a given 
power level. There are, of course, 
some alternatives to the all-tran- 
sistor transmitter. Varactor multi- 
pliers, for example, are standing 
by in the wings in case the tran- 
sistor prices aren’t attractive. It’s 
really a challenge to the vendors 
of rf power devices to see what can 
be done cost-wise.” 

With a Bell Laboratories study 
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3. These power transistor curves il- 
lustrate the kind of performance re- 
quired by the land-mobile industry. 
The characteristics are for a 10-W 
prototype transistor developed by 
Microwave Semiconductor Corpora- 
tion (model MSC 0910M) especially 
for the new land-mobile band. Radio 
manufacturers are demanding de- 
vices like this with a $10-price tag. 


reportedly predicting some seven 
million mobile telephone users in 
the new band by 1980, the semi- 
conductor industry has set up ex- 
tensive R&D programs to develop 
suitable transistors. Most manufac- 
turers agree that the present de- 
vices are very expensive, and al- 
though volume production would 
help bring prices down, some tech- 
nological refinements are necessary. 
There are many approaches to re- 
ducing high-frequency transistor 
costs, but this appears certain: 
Packaging must change, too, and 
this, in turn, may modify the land- 
mobile industry’s manufacturing 
techniques. 


New packaging explored 


“The conventional package used 
in the 450-470-MHz band cannot 
be used at 900 MHz because at- 
tenuation is a consideration,” says 
Richard Saxe, plant manager of 
communications products for TRW 
Semiconductor Operations in 
Lawndale, CA. “The microwave 
transistor package is outrageous- 
ly priced. It doesn’t look like the 
900-MHz devices will be in a con- 
ventional package but rather on a 
carrier where the customer will 
end up using some kind of strip- 
line circuitry technique, much like 
microwave integrated circuits.” 

Although most land-mobile 
radios are now fabricated on 
printed-circuit boards, some manu- 
facturers are introducing new 
techniques in anticipation of a 
change. RCA Communications in 
Meadow Lands, is currently using 
beam-lead devices, thermo-compres- 
ion welding and automated-laser 
trimming on its TACTEC line of 
450-470-MHz portables. 

Microwave Semiconductor Corp. 
in Somerset, NJ, has produced a 
number of prototypes for the 900- 
MHz band that are essentially 1- 
to-2 GHz transistors packaged to 
hold down costs. The company is 
taking the high-frequency chips, 
placing them in less critical pack- 
ages and incorporating internal 
matching circuitry to make up for 
the bandwidth loss caused by a 
higher level of parasitics. 

“A microwave package must be 
designed for minimum parasitics 
and is too expensive to be com- 
petitive in this application,” ex- 
plains John Locke, marketing ap- 
plications enigineer at Microwave 
Semiconductor. He indicates that 
his company’s microwave packages 
are designed to minimize base-to- 
ground and emitter-to-ground in- 
ductances, which tend to degrade 
bandwidth. Since land-mobile ap- 
plications don’t require the ex- 
tensive bandwidth needed for typi- 
cal microwave applications, such 
as solid-state phased-array radar, 
a device can tolerate a higher level 
of parasitics and still be suitable. 

One Microwave Semiconductor 
prototype (Fig. 3) offers 11-12-W 
performance at 12.5 Vde. Narrow- 
band performance gives 6.5-7.5-dB 
gain and 14 W at the lower end of 
the 806-947-MHz band. Collector 
efficiency is reported to be 65 to 
78% over the entire land-mobile 
band. The company says that this 
device, when produced in quantity, 

(continued on p. 46) 
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will be cost-competitive with lower- 
band devices offering similar per- 
formance. 

Microwave Semiconductor has 
also demonstrated prototypes for 
3-W drivers and 20-W outputs and, 
according to Locke, ‘‘a 35-W device 
will be no problem.” 

To reduce production costs, the 
bonding schemes of all manufac- 
turers will have to be simplified. 
Some semiconductors used in 
phased arrays at 1 to 2 GHz re- 
quire over 100 internal wire-bond 
leads. Saxe indicates that TRW in- 
tends to do internal matching by 
a patented batch-processing tech- 
nique, thereby eliminating all bond 
wires. 


The 12-Vdc bias problem 


Another problem being faced by 
the semiconductor industry is the 
need for designing the transistors 
to operate with a 12-Vdc bias in- 
stead of the traditional 28 Vdc. 
Twelve volts is a natural require- 
ment in mobile work. Since it is 
easily available in all land-mobile 
vehicles, power-supply considera- 
tions are eliminated. Jim Curtis, 
an applications engineer at Power 
Hybrids, Inc., Torrance, CA, says 
that by taking a 2 or 3-GHz geome- 
try and diffusing it on low-resistiv- 
ity material, good power and gain 
can be maintained at the 12-Vde 
bias level. 

“When you 
sistivity material,’ he explains, 
“the COB parasitic gets larger. 
But the fact that you’ve used a 
higher-frequency transistor having 
less COB, to begin with, means 
that you end up with good uhf 
power at low voltages.” 

Power Hybrids has demonstrat- 
ed prototype modules, based on a 
low-resistivity, 1.5-GHz geometry, 
that produce 10 W with 10-dB 
gain at about 900 MHz. 

Along with adapting to new 
packaging schemes, radio engineers 
will be faced with designing com- 
mon-base circuits instead of the 
familiar common-emitter now used 
in all 450-470-MHz equipment. 
Common-base offers greater gain 
at the price of decreased stability, 
and it seems to be the direction 
that most semiconductor manufac- 
turers are taking for the 900-MHz 
band. 

Even with 
semiconductor 


diffuse on low-re- 


agreement on new 
technology, how- 
ever, some radio manufacturers 
foresee another difficulty: mass 
production. Bill Stewig, portable 
product planner at RCA Commu- 
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806 MHz 


(a) 


806 MHz 
(b) 


4. Although a new 115 MHz wide 
band has been earmarked for land- 
mobile communications, it will not 
be used until the FCC decides on 
a final allocation scheme. The pre- 
liminary allocation (a) is backed by 
AT&T but is meeting strong opposi- 
tion from the communications in- 
dustry through the Electronic In- 
dustries Association. Noting that 
private-dispatch radios have a much 
longer transmitting range than the 
radio-telephones proposed for the 
new public-correspondence systems, 


nications, sums up the concern this 
way: 

“High-frequency semiconductor 
manufacturers may well be used 
to working with microwave people 
who don’t build that many systems 
a year. When you start to talk 
about a vast increase in the num- 
ber of units to produce a year, 
they may well find out that al- 
though they have the technology, 
they don’t have the production 
capability.” 


FCC has the final word 


In the final analysis, the diréc- 
tion taken by the land-mobile com- 
munications industry will be guid- 
ed by the outcome of FCC Docket 
18262. In May, 1970, (Fig. 4) the 
commission, in Docket 18262, re- 
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the Association favors assigning dis- 
patch to the lower end of the new 
band where the propagation losses 
are less. They further suggest that 
the two unequal bands (19 and 21 
MHz) assigned to private dispatch 
in the preliminary allocation do not 
lend themselves to effective trans- 
mit-and-receive channel pairing. In 
their proposal, the EIA recognizes 
a third type of service, multi-user, 
and favors setting aside several re- 
serve bands for future use. 


served 115 MHz between 806 and 
947 MHz for land-mobile use. At 
that time the Federal agency put 
off a decision on subdividing the 
new band, asking the communica- 
tions industry instead for ‘“inno- 
vative comments.” In June, 1970, 
AT&T formally proposed that a 
contiguous band of 75 MHz be as- 
signed exclusively to “wireline 
common carriers,” leaving 40 MHz 
for dispatch purposes. 

Late in 1970 the commission ac- 
cepted AT&T’s suggestion on allo- 
cation and proposed the adoption 
of AT&T technical standards of 
40-kHz channel spacing with 12- 
kHz deviations. But after hearing 
comments from industry, the com- 
mission amended this preliminary 
allocation by deleting the word 
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“wireline,” thereby including radio 
common carriers in the 75-MHz 
block. 

Since then, howls of protest 
have echoed in the FCC chambers. 
Representatives from the commu- 
nications industry have called the 
allocation inflexible and spectrally 
inefficient. The Department of Jus- 
tice, through its antitrust division, 
has warned that combining dis- 
patch and telephone services might 
lead to another Bell monopoly. In 
a letter to the FCC chairman, 
Dean Burch, Assistant Attorney 
General Thomas E. Kauper warn- 
ed that the allocation of an entire 
75-MHz band exclusively to the 
wire-line carriers would have a 
pronounced anticompetitive effect. 

The letter went on to admonish 
the commission to consider care- 
fully whether the AT&T’s system’s 
“near-term saving to users would 
clearly outweigh the long-term 
benefits, which would be achieved 
from technical and economic com- 
petition.” 

Equipment manufacturers, fear- 
ing the loss of new dispatch radio 
markets, are equally distressed 
with the preliminary allocation. 
The Electronic Industries Asso- 
ciation, whose members _ include 
Motorola, RCA and GE, has peti- 
tioned the FCC to modify its de- 
cision and give more consideration 
to dispatch services. In oral argu- 
ments before the commission, the 
EIA cited predictions that by 1990 
the number of dispatch users would 
outnumber mobile-telephone sub- 


scribers 5 to 1. AT&T’s plan, the 
EIA says, is too elaborate and cost- 
ly for the average user. The indus- 
try association favors the follow- 
ing breakdown of the new 
115-MHz-wide band: 

e 35 MHz for individual private 
dispatch. 

e 25 MHz for multi-use private 
dispatch. 

e 30 MHz for mobile telephone. 

e 25 MHz to be held in reserve. 

In addition the EIA takes issue 
with AT&T’s proposed technical 
specifications and asks that 25- 
kHz channel spacing and 5 kHz- 
deviation become standard. 

AT&T insists that 40-kHz spac- 
ing with +12-kHz deviation is 
necessary to suppress co-channel 
interference in a cellular system. 
In rebuttal, an EIA spokesman, 
Harold Jones of RCA, has told the 
commission: 

“Extensive practical field trials, 
dynamically comparing the 25-kHz 
and 40-kHz ratios, have shown 
negligible difference in co-channel 
interference. The AT&T proposal 
provides 960 fewer channels than 
the EIA proposal, without a cor- 
responding improvement in spec- 
trum efficiency. In terms of spec- 
trum efficiency, the EIA 25-kHz 
plan is 60% more efficient than the 
AT&T 40-kHz plan.” 

A third allocation plan, for- 
warded by the Federal Office of 
Telecommunications, recommends 
an approach that would maximize 
competition and minimize regula- 
tion. OTP recommends that about 











Beam lead chips are thermocompressively bonded to front-end circuit boards 
at RCA Communications in Meadow Lands, Pa. 
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40 MHz be reserved for all mobile- 
radio services on a competitive, 
non-rate-regulated basis. This 
would include mobile-telephone dis- 
patch, paging and shared-user sys- 
tems, Approximately 14 MHz would 
be allocated to wireline common 
carriers for tariffed mobile-tele- 
phone services and paging systems. 
To “provide incentives for tech- 
nological innovation by means of 
competition,” OTP recommends 
that the remaining 61 MHz be held 
in reserve and augment the initial 
allocations as demand for specific 
services increased. 

Walter Sudder, deputy director 
of OTP, says that the office’s poli- 
cy “is attempting to do away with 
some bad allocation practices that 
have crept into mobile communi- 
cations.” He adds: 

“We are trying to get the FCC 
to set up broad blocks of alloca- 
tions and not specifically sub-allo- 
cate them to different types of 
services.” 

One thing is clear as the commu- 
nications industry prepares to jock- 
ey for final position in the 900-MHz 
band: the chalk talk is over. The 
quarterbacks have outlined their 
strategies and the half-time score 
is: Public correspondence 75 MHz, 
Private Dispatch 40. As the FCC 
contemplates the ideas before it, 
the communications industry 
waits restlessly in the locker room.: 

The second half begins early this 
year, when the commission is ex- 
pected to render a final decision. 
If AT&T’s plan wins, communica- 
tions manufacturers will have to 
supply a huge mobile-telephone 
market. If the EIA plan triumphs, 
the market for private-dispatch 
equipment should skyrocket. 

Whatever the decision, there will 
be a lot of winners. ee 
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Clean Up Your Design 
With a Systems Approach 


Microstrip lines can do more than carry a signal. 
At high frequencies they can transform impedances 
and simplify multistage amplifier design. 


A common approach to multi- 
stage microwave amplifier 
design is the so-called “building block” method. 
That is, to consider each stage as a separate 
entity, working around a 50-ohm impedance level. 
A more realistic approach would be to connect 
the stages using a systems point of view, thereby 
eliminating any 50-ohm interstage transitions. 
Since transistor input and output impedances are 
inherently low, direct impedance transformation 
using microstrip techniques seems natural. This 
method provides an economical, uniform design 
by eliminating most, if not all, variable capaci- 
tors that power amplifiers customarily require. 

A systems approach was used in the design of 
a high level two-stage telemetry transmitter. Ini- 
tially, a “building block” approach was tried us- 
ing 50 ohm interstage transitions. The design 
was found to be unstable, however, probably be- 
cause the 50 ohm interstage transitions were 
not physically long enough to realize their char- 
acteristic impedances. Standard material sizes and 
temperature considerations for the 5W, 2.3 GHz 
power amplifier required construction on a 1/4 
in. thick brass baseplate with 1 in. x lin. x 25 
mil alumina substrates for the input and output 
stages and alin. x 2 in. x 25 mil alumina sub- 
strate interstage. RCA models 2N6268 and 
2N6269 transistors were chosen to serve as 
driver and power amplifier, respectively. 


Matching the input 


Consider the impedances of the driver tran- 
sistor : 
Zin = 5.75 + j21.22 ohms 
Zour — 3.60 — j6.50 ohms 
The input impedance 5.75 + j21.22 ohms must be 
matched to a generator impedance of 50 ohms. 
These units are viased class C so a good match 
is imperative. A proper way to do this, would be 
to transform the input impedance of the tran- 
sistor to a real value via an eighth-wavelength 
matching section.. Any load impedance can be 
transformed into a real impedance by an eighth- 
wavelength transformer having a characteristic 
impedance equal to the magnitude of the load 





Harlan Faller, Director of Research, 
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impedance. A quarter-wave transformer can then 
be used to transform this real impedance to 50 
ohms. Applying the eighth-wavelength equation, 

Z, = V R? + X? (1) 
where Z, is the characteristic impedance and R 
and X are the real and imaginary parts of the 
impedance being transformed. 

Z, = V 5.75? + 21.22? = 22 ohms 
A }/8 line having a characteristic impedance of 
22 ohms will transform 5.75 + j21.22 ohms to a 
real value. Using the Smith chart to find this 
value, the driver input impedance is normalized 
by dividing 5.75 + j21.22 ohms by 22 ohms to 
yield 0.26 + j0.97. This is entered on the Smith 
chart as point A (Fig. la). This value is then 
transformed by bringing it along a circle of con- 
stant VSWR, toward the generator, until it inter- 
sects the real axis, A’. In this case, the trans- 
formed impedance is 159 ohms. Using the quar- 
ter-wave matching equation? to match 50 ohms 
and 159 ohms, we have 

Z, = \V 2,2, (2) 
where Z, is the characteristic impedance of the 
d/4 line, and Z, and Z. are the impedances being 
matched. Thus 

Zo= V50 x 159 = 89.30 
A )/4 line, having a characteristic impedance of 
89.3 ohms is required for the match. 

An easy way to transfer these impedances into 
meaningful microstrip line widths is to use a well 
documented, graphical approach such as Schil- 
lings’. One need not worry about the correction 
factor involved because these graphs take them 
into consideration. Using this reference, values 
of 93 and 5.2 mils for the 22 and 89.3 ohm lines 
are obtained. 





Taming the interstage 


Now lets consider the impedance of the output 
transistor, 

Zin = 2.0 + jl2 ohms Z,y, = 3.3 — j8.9 ohms 
Thus, the interstage transition must match two 
complex impedances, 3.60 j6.50 ohms and 2.0 
+ j12 ohms. It seems reasonable to try and use 
the eighth-wavelength concept to transform the 
output impedance of the driver and the input im- 
pedance of the final into real values, then match- 
ing them with a quarter-wave transmission line. 
Applying Eq. 1 

Z, = V 3.67 + 6.5? = 7.42 ohms 
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This value is too small for microstrip work be- 
cause it makes the line prohibitively wide. Using 
10 ohms as a reasonable approximation, the nor- 
malized complex impedance becomes 0.36 + j0.65. 
This value appears in Fig. 1b as point B. Ro- 
tating toward the load and unnormalizing trans- 
forms this value into a real impedance of 41 
ohms. A \/8 line, following the driver and having 
a characteristic impedance of 10 ohms, will pre- 
sent a real impedance of 41 ohms to the inter- 
stage. Applying the same techniques to the input 
of the final gives a 12.2 ohms, eighth wavelength 
line with a real input impedance of 141 ohms. 
The normalized value shown in Fig. lc has been 
rotated toward the generator. 





1. The Smith chart allows fast, accurate computation 
of transformed impedances. 


The next step in designing the interstage in- 
volves matching 41 ohms to 141 ohms. Normally, 
this can be done with a single quarter-wavelength 
matching section. In this case, however, a stand- 
ard size (1 in. x 2 in.) substrate was used re- 
quiring the overall length of the interstage to be 
2 in. This necessitated using an exponential sec- 
tion in conjunction with two standard quarter- 
wave sections, a combination that allowed the 
entire interstage microcircuit to be stretched 
across 2 in. of board. 

A double section, quarter-wave transformer 
(Fig. 3) can be described by the following equa- 
tions: 


iy = ¥ Z; Z; Z,=V Z. Z, 


(continued on next page) 
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2. This system’s approach to high-level microwave de- 
sign utilizes tuned microstrip lines to match impedances. 


They are shown with their intrinsic substrate capaci- 


tance. The 220 pf capacitors provide isolation and 
decoupling. 
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where Z, refers to the characteristic impedance 
of a section. 

In this case, Z, and Z, are known to be 41 and 
141 ohms respectively. The simultaneous solution 
of Eqs. 3 and 4 yields values of 62 and 93 ohms 
for Z. and Z,. 

Z.= \41Z,;—62o0hms Z,; = Y 141 Z, = 93 ohms 
These impedances convert to microstrip widths 
of 15 mils and 4.5 mils for \/4 lines.* 

The exponential horn is located between the 
eighth-wave transformation of the driver stage 
and the double section \/4 transformer. It must 
match real impedances of 41 and 62 ohms. The 
characteristic impedance (Z,) of an exponential 
line has been empirically defined as’: 


Z, aa = -0.896 
Ve. W (1 + 1.735 cnaes(— t 


where W is the width of the bell (low impedance 
end), €, is the relative dielectric constant, and 
h is the thickness of the dielectric. Eliminating 
all insignificant first order terms and solving 
the equation for W gives 
377 h 
"= Z. Ve, (4) 
Since the wide bell end of the horn must 
match the real transformation of the driver’s 
output, its characteristic impedance (Z,) must 
be 41 ohms. The parameters of the alumina used 
in this design are: 
h = 25 mils €, = 9.6 
Solving Eq. 4 with these values gives a bell width 
of approximately 74 mils. 

The horn tapers exponentially to 15 mils, 
matching the first section of the cascaded \/4 
transformers. The overall length of the horn is 
about 60% oi a quarter-wave section at 2.3 
GHz.‘ 

The eighth-wave equation is again used to 
transform the output impedance of the final col- 
lector to a real value. Application of Eq. 1 gives 





(3) 


Z, = V3.3? + 8.9? = 9.95 
or 10 ohms as a practical value. The normalized 
output impedance, 0.33 —j0.89, is entered as 





3. The exponential microstrip section lengthens the in- 


terstage transformer without affecting electrical char- 
acteristics. This novel approach to a packaging problem 


allows the use of economical, standard size substrate 
material. 


50 





4. The finished product demonstrates the uncluttered 
layout that this design process leads to. Note how line 
widths determine the impedance of each section. The 
6.6W amplifier offers excellent heat distribution. 


point D in Fig. 1d. Point D is rotated toward the 
load until the real axis of the Smith chart is in- 
tercepted at point D’. The final value after nor- 
malizing is 55 ohms. Eq. 2 determines the char- 
acteristic impedance of the quarter-wave line 
needed to transform 55 ohms to 50 ohms. The re- 
quired impedance of the line is 52.5 ohms. 


Proof of the pudding 


Proof of the systems approach comes when 
power is applied to the amplifier. A bit of trim- 
ming is needed on the microstrip lines to obtain 
the maximum gain. Starting with the input, this 
is done by discretely applying indium foil at se- 
lected locations on the microstrip line, until the 
gain is optimized. Touching the microstrip lines 
with the small metallic end of a tuning wand will 
generally give a clue as to where and how much 
indium must be added. Visual indicators, such as 
a power meter attached to the output and cur- 
rent meters in the de supply lines, may be used 
for peaking. 

The results are good enough to make this ef- 
fort worthwhile. With a driving power of 400 
mW, this amplifier belts out 6.6 W at 2.3 GHz 
corresponding to 13 dB gain. Efficiencies of the 
driver and power amplifier stages are 32% and 
34%, respectively. The amplifier is very stable 
with no tendency to oscillate. Reducing the drive 
level causes the output power to fall off at a 
linear rate commensurate with the input. 

The use of a three-section transformer in the 
interstage produces some unexpected results. A 
somewhat wider bandwidth than that obtainable 
with a single section transformer is observed. 
Also, the three-section transformer enhances the 
stability of the amplifier because it gives a bet- 
ter match over a wider frequency range. Replac- 
ing the transistor with other ones of the same 
type will cause small changes in the output pow- 
er, but not enough to warrant touching up the 
circuitry. This is a desirable feature because it 
eliminates the need for variable tuning capaci- 
tors. After all, fewer parts mean less cost and 
higher reliability. ee 

1. Lieberman, N., “New 2.5 Watt 4 GHz Fundamental Source’, 
Microwave Systems News, Vol. 2, No. 13, pp. 51-52. (Oct/Nov., 1972). 

2. Moore, R. K., Traveling-Wave Engineering, McGraw-Hill, New 
York, p. 270 (1960). ; 

3. Schilling, W., “The Real World of Micromic Substrates-Part 3’’, 
MicroWaves, Vol. 8, No. 3, pp. 57-59 (March, 1969). 

4. Womack, C. P., “The Use Of Exponential Transmission Line In 


Microwave Components,’ IRE Transactions On Microwave Theory and 
Techniques, Vol. MIT 10, No. 3, pp. 124-132, (March, 1962). 
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CTC delivers over 95% 
to customer schedules 
and requests. 


Which leaves our competitors 
with some explaining to do. 


It’s unheard of in the semiconductor industry, but 
we'll tell you about it anyway. 

When a customer orders from CTC, his shipment is 
usually received in less than two weeks from date of receipt. 

How come? Well, for one thing, you’ve got to be on 
your toes when RF power is your only business. For another, 
there’s no hang-up waiting for packages because we make 
our own. And, with only a 1% return rate, we can spend 
less time answering complaints and more time expediting 
your deliveries. 

However, no story we can come up with explaining 
why we ship so fast would be half as interesting as the 
ones our competition have to tell explaining why they 
can’t keep up with us. 

Communications Transistor Corporation 
301 Industrial Way, San Carlos, California 94070 
Phone (415) 591-8921 TWX 910-376-4893 


CTC: The power in RF power. 
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This all-new family of 
sweep oscillators lets you 
virtually custom-select a 
unit to suit exactly your 
needs. And whatever you 
pick for your particular 
range and application, 
you'll have the best 
balance of sweep range, 
accuracy, power, 
programming and cost — 
anywhere over the 100 
kHz to 18 GHz frequency 
range. Singer has put its 
full 20 years of sweeper 
experience into this new 
family —so that you don’t 


have to compromise in 
fitting the right 
instrumentation to your 
explicit requirements. 
Model 6600. The Singer 
family starts with this 
sweep oscillator. Four 
sweep modes: full-band, 
marker, manual and AF. 
Stable CW operation with 
calibrated fine-tuning and 
low FM. Twenty-one low- 
cost plug-ins provide 
octave and multiband 
coverage from 100 kHz to 
18 GHz. And the 6600 is 
digitally programmable for 


computer control. 

Model 9514/9515. Mate 
the 6600 with our 9514 
Controller and 9515 
Oscillator Unit for 
continuous sweep of 100 
MHz to 18 GHz at 10 mw 
leveled output power. No 
inconvenience or risk of 
RF discontinuities or 
losses resulting from 
changing and 
interconnecting plug-ins. 
For the full beauty of this 
rugged unit, look inside. 
All oscillators are mounted 
on a common cooling duct, 


MICROWAVES ® January, 1974 





Model 9517/9518 


providing longer life, 
simpler operation and easy 
accessibility. To assure 
drift free operation all 
oscillators are left on 
continuously, their signals 
being switched to the 
output connector as 
programmed by your front 
panel or remote controls. 

Model 9517/9518. This 
system includes the 
standard 6600 mainframe 
and any two plug-ins. It 
delivers multiplexed and 
leveled output power from 
a single connector while 





sweeping individually or 
continuously across both 
plug-ins — perfect for 
straddle band testing 
anywhere, 100 kHz to 18 
GHz. 

Model 6600A. Finally 
there’s this simplified, 
low-cost mainframe 
compatible with all plug- 
ins and with both the 
9514/9515 and 9517/9518 
systems. This inexpensive 
mainframe performs the 


SINGER 


INSTRUMENTATION 


same basic sweep 
functions as the Model 
6600 where digital 
programming, markers, 
and sweep light are not 
required. 

If RF testing is part of 
your work, you'll find this 
exceptional new sweeper 
family very welcome in 
your world. For complete 
specs, use the Reader 
Service No. or write to 
The Singer Company, 
3176 Porter Drive, Palo 
Alto, Calif. 94304. Or 
phone (415) 493-3231. 
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Simple Circuit 
Triggers Lasers 


Triggering a laser need. not be complicated. Here is a 
simple trigger circuit applicable wherever high rep rate, 
high-voltage pulses are required. 


Pycsigners often 
need _high-volt- 
age waveforms at high repetition 
rates, such as for laser triggering. 
The “trick” is to select combina- 
tions of devices and techniques to 
yield’ the desired performance. 
Here is a combination of devices 
that can be used to generate a 4 
kV laser triggering waveform at 
a repetition rate between 10 and 
12 kHz. To generate the high- 
voltage pulse, required to ignite a 
gas laser, a capacitor can be dis- 
charged through a_ transformer 
primary circuit, Fig. 1. Basically, 
the circuit consists of a step-up 
transformer and an R-C charging 
network. If capacitor C is fully 
charged, the closing of Switch S, 
(at a) will impress a voltage step 
across the L-C network and will 
produce a damped sinusoid at the 
transformer primary. How quickly 
the capacitor is charged is deter- 
mined by the magnitude of resis- 
tor R, in combination with the 
transformer primary impedance 
and the current capability of the 
power supply. More rapid charging 
of the capacitor can be obtained 
by adding a diode of the proper 
rating across the transformer pri- 
mary, as shown. 

The substitution of an SCR for 
switch S,, Fig. 1 6, allows the nec- 
sary voltage step to be applied to 
the L-C circuit. A tradeoff occurs 
at this point, because to obtain a 
high repetition rate, R must have 
the lowest possible value. Yet, if R 
is too small, the current through 
the SCR will be greater than its 
holding current and will not turn 
off. Consequently, with this cir- 
cuit, the repetition rate is directly 
proportional to the holding cur- 
rent of the SCR. To avoid this lim- 
itation, it was desired to obtain a 
device that would allow the SCR 
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1. The laser triggering circuit (a) is 
the basis for developing high-voltage, 
high repetition-rate triggers. The 
switch is replaced by the SCR in 
(b). The rep-rate is dependent on 
the SCR holding circuit. 
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208 Foster Drive, Willimantic, Conn. 


54 


2. To overcome the basic circuit 
limitation of rep rate dependence on 
holding current, Q, was added, 
along with isolation resistor R,. 
This, then, is the final working cir- 
cuit design. 


to be “starved” of current after it 
has been turned on for the de- 
sired time. Thus, a transistor was 
placed in parallel with the SCR, 
Fig. 2. To provide isolation, so 
that the transistor collector is 
biased properly in its “off” condi- 
tion and to limit transistor collec- 
tor current to a safe value, R is 
split into two separate resistors, 
R, and R,. R, provides for the nec- 


essary isolation and a_ positive 
voltage at the transistor’s collector 
when the SCR is “on”. R, must be 
of sufficient magnitude to limit 
the collector current to a_ safe 
value. R, and R, together, serve 
the purpose of the R in Fig. 1 to 
establish the desired charging 
rate. 


Sequence of operation 

Here’s what happens: The SCR 
is turned on and a voltage step is 
applied to the L-C combination. 
After an appropriate time delay, 
the transistor is turned on so that 
the SCR is “starved” of its hold- 
ing current and will return to its 
“off” state. The transistor turns 
off, thus allowing the sequence to 
begin again. 

The relevant tradeoffs are clear- 
ly observed by graphical interpre- 
tation of circuit requirements and 
limitations. The first step is se- 
lection of C. The appropriate 
graph for this, Fig. 3, presents 
open circuit transformer voltage 
vs. available power supply voltage 
with capacitance as the running 
parameter. The transformer out- 
put voltage into an open circuit 
may be expressed as e=L di/dt, 
where L is the inductance of the 
transformer. The current avail- 
able from the capacitor is i=C 
dV/dt, where V is the available 
power supply voltage. Substitut- 
ing, e=LC d?V/dt?. If the capaci- 
tor is assumed to discharge in a 
normal manner, d?V/dt? may be 
interpreted as a circuit constant 
proportional to available supply 
voltage V. Thus, e—=KLC, where K 
and L are known. 

The second step is to consider 
R, and R, tradeoffs. Note that 
RV Sli, We Vie, We Tin 
are the maximum available power 
supply voltage and current, re- 
spectively. R,=V,,,,/], where I, is 
the allowable collector current. 
R,= Vp:../2, where V,i,, is the 
desired biasing voltage for transis- 
tor Q, when the SCR is “on” and 

(continued on p. 56) 
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the 


30Hz Resolution 
Revolution 


Spectrum Analysis in the 0-to-1800 MHz region 


The TEKTRONIX 7L13 adds 
revolutionary measurement power 
to spectrum analysis: 30 Hertz 
Resolution that is useful all the way 
to 1800 MHz. 


There is no smearing from drift or FM in 

this 200 Hz/div display, even though the total 
sweep time is 20 seconds. Signals are 
resolved to 70 dB down even though they 
are only 500 Hz apart. Center frequency 

is 1555 MHz. 


It is generally understood that High 
resolution means the ability to distinguish 
between signals differing little in fre- 
quency. Actually, the design that makes 
30 Hz resolution possible results in more 
than just the ability to distinguish between 
close together signals. The design of 

the 7L13 means better sensitivity, 

— 128 dBm; less drift, under 2kHz per 
hour; less FM, under 10 Hz phase 

locked; it means less noise... it means 
the revolutionary analyzer performance 
that is available from Tektronix, Inc. in 
the 7L13. 


Because of the resolution revolution, 
the performance of your edge-of-the-art 
circuitry and devices can now be 
quantified, not guessed at. A discussion 
or demonstration of TEKTRONIX 
Spectrum Analyzer performance can 
be arranged by any Tektronix Field 
Engineer. Call him or use one of the two 
reader service numbers below. 


7L13 Spectrum Analyzer—$6500 
7613 Variable Persistence Mainframe— 
$2500 


TEKTRONIX, INC., P.O. Box 500 
Beaverton, Oregon 97005 




















-Jddam {4555 muzhso Hz PES 


7613 OSCILLOSCOPE 


TRIG 


SOURCE =" 
. ’ 
s 
Ee 


vert 
| 00t FLAP IRD 5 
“WES GRATICULE LUM 
GWT 
Ws 


| rocus (© 





r 


q 
i| ERASE 


si(Cg 











08 6 


; 
yoen 248 j 
ow ow us j 


i~ | 1Od8 GAIN 
S WOsBem IOs RES ONLY 


REFERENCE 
LEVEL 





READER SERVICE NUMBER 55 








TRIGGERING - 
TIME/DIV 


CENTER #2) 
FREQUENCY i <a. 
mm 


wi : HM 
AL 


SPECTRUM 
ANALYZER ) 
‘Wks TO 1.8GHs 


a” OFF 


CONTRAST 


Sweer C 
HOR 
os 


VERTICAL 
POSITION 











TEKTROND© 
Pe Ss committed to 
technical excellence 








Our catalog provides a single source for 
your microwave component needs. And 
most of the more than 19,000 precision 
items we make are kept in stock for im- 
mediate delivery. No searching suppliers 
for the particular part you need, no 
tedious delays while you await shipment. 
Before it slips your mind, send for our 
latest catalog. You’ll be thankful later on. 


MICROLAB/FXR. 
the supermarket 
of microwave 


components 


©, 


Ten Microlab Rd., Livingston, N.J. 07039 
Telephone (201) 992-7700 
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3. Output voltage, e, varies with 
supply voltage and with capacitance, 
as shown. 


4. Charging resistance and supply 
voltage are interdependent as _ indi- 
cated here. R, is fixed by the SCR 
used; thus R, must be selected ac- 
cording to the total R required to 
meet capacitor charging time. 


I, is the SCR holding current. Thus, 
V is! nae — Views to 5 Voures/tus or 
R= R, + R,. In Fig. 4, which 
plots current vs. resistance for two 
values of power supply voltage, R, 
is fixed based on required SCR 
bias; thus, R, is a function of the 
available power supply voltage and 
current. 


Driving the pulse generator 
Driving signals must be sup- 
plied to the SCR and transistor, 
Fig. 5. Typical waveforms, shown, 
give the relationships between sig- 
nals from the various stages. Be- 
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5. The suggested drive circuit con- 
sists of a master clock plus wave- 
shaping and delay circuits. The 
block diagram (a) is a good exam- 
ple. Waveforms produced in the 
driver are shown at (b). 


cause the SCR needs at least a 5 
ps pulse to drive it properly, a 
pulse width of 10 ws was chosen 
to minimize firing problems. A 
pulse width of 20 ws was found 
satisfactory for driving the tran- 
sistor. It is important that the 
transistor fire after the SCR has 
been turned on. This is assured by 
using simple logic circuitry to pro- 
duce an appropriate delay and 
proper driving pulse width. ee 
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To The Editor: 

In “Measure Fm With High Modula- 
tion Index Three Ways”, (Oct., ’73 p. 
85), the equation describing the frequen- 
cy difference between observed peaks 
was incorrectly stated. It should read: 


AF, AF, 0.2045 


where f,, = modulating frequency. 





Correction to Microwave Notebook 


In response to an inquiry I’ve had on 
this item, I’ve prepared a note which 
gives a derivation of this equation. I'd 
be prepared to supply copies of this 
note to anyone who would contact me. 

Emanuel Kramer 

ESL, Inc. 

1701 North Fort Meyer Drive 
Suite 711 

Arlington, VA 22209. 
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Systems manufacturers faced with 
the problem of designing oscillator 
sources for a new microwave 
system are often probing the 
unknown. Why waste valuable 
engineers’ time developing your own 
sources, when you Can use well 
tried devices designed and made by 
specialists ? 

For 10 years Bradley have been 
making microwave solid state 
sources — often in batches of 
hundreds — for the system 
manufacturers of the world. 
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GEC- Marconi and Telefunken, 
Philips and Plessey, Lockheed 
Electronics and Marcel Dassault are 
some of the important international 
companies using Bradley sources. 

Why not follow their example and 
contact Mike Vaughan in the 
Bradley Microwave Sales Office. 
The benefit of years of application 
experience is yours for the asking, 
and remember Bradley Microwave 
solid state sources include Phase 
Lock, Varactor, Step-recovery and 
Gunn effect devices, all catalogue 
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items are available in a wide range 
of frequencies and output powers. 


G. & E. Bradley Limited, 
Microwave Sales , 
Electral House, 

Neasden Lane, 

London NW101RR 
Telephone : 01-450 7811 


BRADLEY 
electronics } 

















Solve Your Design Problems with 


CIRQTIEL 
FILTERS 
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os all compact and lightweight. 
juntin; wih your choice of 


| Tunable filters, absorptive fitters, 
linear phase/ phase match filters (for out: 
"standing time and frequency domain per- 
formance), diplexers, multiplexers, folded 
designs and other “specials” are avail- 
able to meet critical and unusual de- 

“Most orders are filled within two weeks. 

CALL US COLLECT: We'll gladly quote 
specs, prices and delivery dates by phone. 
Call (301) 946-1800 or write: CIR-Q-TEL, 
10504 Wheatley St, Kensington, Md. 
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application notes 


Take a new look at an old idea 


Today’s trend toward automated 
measuring techniques is precipitating 
a re-evaluation of the power equation 
concept for uhf and microwave meas- 
urements. A National Bureau of Stand- 
ards publication, ‘‘Theory of UHF and 
Microwave Measurements Using The 
Power Equation Concept,” reassesses 
the idea in light of the extensive phase 
data that can be generated by auto- 
mated measuring systems. 

In the past, the power equation 
concept has largely been avoided be- 
cause of the difficulty associated with 
making the required phase measure- 
ments. A variety of tuning procedures 
evolved to eliminate the need for ex- 
tensive phase information. Unfortu- 
nately, these tuning procedures are 


Probing in perspective 


Almost any oscilloscope and probe 
combination can be used to view a 
waveform. However, since all probes 
inherently introduce some degree of 
error, it is important to select a probe 
that reduces the error to an accept- 
able or known level. ‘‘Probing In Per- 
spective,” a 12-page application note 
by Vic Bunze, explains: 

e How to select the most accurate 
scope/probe combination for a _ par- 
ticular measurement. 

e How to estimate errors caused 
by the probe. 

e How to quickly evaluate a given 
scope/probe for its adequacy in any 
situation. 

Voltage probes may be grouped into 
three classes. High-resistance probes, 
miniature passive-divider probes and 


Percent of Signal Remaining After Effects of Loading Before Probe Division Ratio 


usually frequency sensitive and de- 
tract from the measurement’s accu- 
racy. Now that phase information is 
readily available from automated 
measurement systems, the tuning 
schemes can be eliminated. 

Glen F. Engen, the author of this 
68-page technical note, cites  inde- 
pendence from uniform waveguide 
systems, relaxed connector require: 
ments and explicit accounting for 
mismatch errors as reasons to con- 
sider the power equation concept. SD 
catalog No. C13.46:637 is $.70 a 
copy. Microfiche copies are $.90 
apiece. U. S. Government Printing 
Office, Washington, DC 20402. 
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active probes each have unique capa- 
bilities and limitations largely deter- 
mined by their resistive and capacitive 
circuit loading effects. High-resistance 
probes, for example, present a high-in- 
put impedance at dc but are unsuit- 
able for high-frequency measurements 
because of high-shunt capacitance 
loading. The author presents plots of 
loading effects as a function of fre- 
quency for many combinations of R-C 
probes that are useful references for 
making quick evaluations of loading 
errors. Ask for application note 152. 
Hewlett-Packard Company, Colorado 
Springs Division, 1900 Garden Of The 
Gods Road, Colorado Springs, CO. 
80907. 
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“IE Source Impedance 


Source Frequency 


1. Errors in cw amplitude measurements caused by the loading effect of test 


probes can be estimated from this chart. 
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microwave notebook 


If you find the notebook item below of interest or perhaps 
useful in your own work, please so Indicate by circling the 
appropriate number on reader service card. Authors who 
have their notebook entries published receive a $25 check. 
On the basis of the votes received, each is also eligible 
at the end of the year to win a microwave oven or an 
18-inch color portable TV or the cash equivalent. Send 
entries to MicroWaves, 50 Essex Street, Rochelle Park, NJ 
07662. 














Calculate temperature rise quickly 
under high-power testing 


When running a high power microwave test 
circuit questions may arise concerning the tem- 
perature rise above ambient that can be expect- 
ed on the surface of the rf loads. The graph 
shown is a useful reference from which the 
temperature rise on a waveguide termination 
may be read directly after simply dividing the 
input power by the exterior surface area of the 
loads (watts/square foot). The values shown are 
based on still air. The curve is not valid when 
forced air or liquid cooling is used since these 
conditions introduce several variables. 

The points on the curve represent tests made 
at X, C and S bands (WR90, WR187 and WR284). 
Essentially, the curve is independent of fre- 
quency and waveguide size. 

It should be noted that since load materials STEP PHASE SHIFTERS 
can withstand higher temperatures than the ad- & ATTENUATORS 
hesive used to cement them into the waveguide, 
the limiting power factor will be the adhesives +. TWIN IF ALIGNMENT MODULES 
used. In general, adhesives soften at 300° to - 
400°F and completely fail at 500°F. If the calcu- Berd pec ects =e 
lated ambient plus temperature rise exceeds relay switching elements. Exacting system requirements 
400°W it is suggested that either the load be for low phase shift with attenuation, or low attenuation 
cooled or the surface area of the load be in- — pon phase shift, are provided for by these units. 
creased or both—to reduce the temperature. of cou eo Creed GOL Seana otc oe aan 
J. Ciavolella, Senior Engineer, Westinghouse rapidly to set a required signal level. 

Electric Corporation, Friendship International 
Airport, Box 746, Baltimore, MD 21203 





TYPICAL SPECIFICATIONS (UP TO 8 BITS) 
Phase Shifter Attenuator 


0-358.6 0-127.5 db 

180 64 db 

1.4 0.5 db 

Change in attenuation Change in phase 
with phase shift +0.2 db with attenuation +4° 
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SOLID STATE UNITS RELAY ELEMENTS 
FREQUENCY RANGE Octave bandwidths to1000 MHz DC-500 MHz 
VSWR 1.1/1 max. at center 1.1/1 max. at center 
frequency frequency 
INSERTION LOSS 2.4 db max. (thru path) 2.4 db max. (thru path) 
SWITCHING TIME 4 microseconds max. 4 milliseconds 


& 8 
a: 


3 
ro) 


Daico Twin IF Alignment Mod- 
ules are available in individual 
or combined unit packaging. 
Phone or write Daico 
Industries or your Daico 

Sales Representative. 





TEMPERATURE RISE ABOVE AMBIENT (°F) 


| | dc 1 | ! i | 
10 200 300 400 500 600 700 800 
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DAICO INDUSTRIES, INC. 











2351 East Del Amo Blivd., Compton, Calif. 90220 
Telephone: (213) 631-1143 @ TWX 910-346-6741 


Vote, Circle READER SERVICE NO. 216 © 1974 Daico Industries, Inc 
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new products 





Miniature 5-500 MHz unit amplifiers 
deliver up to 20 mW with 13 dB gain 


1. Unit amplifiers, models WJ-A5 and 
-A7, can be directly inserted into 50 © 
microstrip circuits in either wideband 
or narrowband and i-f applications. 
They are housed in hermetic four pin 
TO-8 packages. Both amplifiers are 
designed to MIL-E-5400, Class 2 and 
MIL-E-16400, Class 1. 


Integrated thin-film amplifiers, mod- 
els WJ-A5 and -A7, are now available 
from Watkins-Johnson with guaranteed 
performance over a —54° to +100°C 
or —54° to +71°C temperature range, 
respectively. Both units have a mini- 
mum small signal gain of 13 dB and 
gain flatness of +0.7 dB over the 


Table of Specifications 


Characteristics 


Gain flatness, max 
(5-500 MHz) 

Small signal gain, min 
(5-500 MHz) 

Noise figure, max 
(5-200 MHz) 

Noise figure, max 
(200-500 MHz) 
VSWR in/out, max 
(10-200 MHz) 

VSWR in/out, max 
(5-500 MHz) 

Power output, min 
Intercept Pt., typ 
Reverse isolation, typ 
Dc current, typ 
Weight 


WJ-A5 
@ 15V 


+0.7 dB 
13 dB 
5.5 dB 
6.0 dB 

2 Be ce F 
2.0:1 

+7 dBm 
+22 dBm 
20 dB 


25mA 
1.85 grams 


WJ-A7 
@ 24v 


+0.7 dB 
13 dB 

6.5 dB 

7.0 dB 
yy | 

2.0:1 
+12.5 dBm 
+26 dBm 
20 dB 


42mA 
1.85 grams 





Wideband log amplifiers handle 
10 ns pulses over 60 dB dynamic range 


Log amplifiers, series ICLT, cover 
the uhf band from 300 MHz to 1 GHz 
and provide a dynamic range of 60 
dB with a —65 dBm to —5 dBm input. 
Standard units are optimized at the 
center frequencies shown in the table 
and can faithfully reproduce pulse rise 
times of under 10 ns without ringing 
or overshoot. Frequency agile units, 
series ICLT (suffix A), are optimized 


for either cw or pulsed signals. Linear- 
ity with a 1.25V output (into 93 Q) is 
+1 to +2 dB and is relatively inde- 
pendent of frequency. Over a O°C to 
+50°C temperature range linearity de- 
grades an additional +1 dB and from 
—30°C to +71°C an additional +1.5 
dB. 

Slope changes for the log curves 
anywhere inband is +5% at constant 


and 15% over a 0° to +50°C tem- 
perature range. Over the extended 
temperature of -—30°C to +71°C, 
slope change is +17.5%. P&A: $1100 
to $1400, frequency agile units cost 
an additional $250; 60 days. RHG 
Eiectronics Laboratory, Inc., 161 E. 
Industry Court, Deer Park, NY 11729 
(516) 242-1100. 


over the entire operating bandwidth temperature (+10% for ICLT1000) READER SERVICE NO. 104 


Center 
Frequency (MHz) 


300 
475 
625 
775 
925 
1000 


44 | 
3 be J : * 


4 F 


Cw. #35 


“i 9g ® 
ny 


Operating 
BW (MHz) 
200-400 
400-550 
550-700 
700-850 
850-1000 
950-1050 


Linearity 
Model (dB) 
ICLT300 
ICLT475 
ICLT625 
ICLT775 
ICLT925 
ICLT1000 


I+ 
ry 


ow 


INPUT- OUTPUT 
CHARACTERISTIC 
AT 1 GHz 


HHH H 
NNN 


INPUT-OUTPUT 
CHARACTERISTIC 
200 - 400 MHz 
MODEL ICLT 300 


1 1 1 
40 30 -20 
60 dB INPUT RANGE 
INPUT -dBm 


2. A shifting center frequency will produce identical log 
curves anywhere in the band of the ICLT series. Shown 
are the responses for model ICLT 300 for input signals of 
200, 300 and 400 MHz and model ICLT 1000 operating at 
1 GHz. Linearity is +1 and +2 dB, respectively. 


1. Four differential amplifier stages, each consisting of an 
i-f amp and video detector-amplifier section, are cascaded 
onto a single alumina substrate. Multiple substrates are 
then combined to form the complete amplifier. 
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entire band of 5 to 500 MHz. Power 
output for WJ-A5 is +7 dBm and for 
WJ-A7 is 12.5 dBm, minimum. 

Each unit amplifier is uncondition- 
ally stable for any source or load con- 
dition. Up to four stages may be cas- 
caded in a common box without rf 
shielding between each unit. The total 
cascaded gain is approximately 58 dB 
and gain flatness is typically +0.5 
dB or better across the 5-500 MHz 
band. There is no bandwidth shrinkage 
or loss of maximum output power with 
cascaded units. 

To meet specifications over tem- 
peratures, a very stable dc biasing 
circuit is used along with low temper- 
ature coefficient thin-film tantalum 
nitride resistors. The resistors are de- 
signed to operate under relatively low 
power densities to insure long operat- 
ing life with minimum drift. High tem- 
perature heat treating is performed on 
each thin-film resistor to yield long- 
term stability. A thin-film inductor is 
used in the output matching section 
and use of a microwave transistor 
with a very high f, provides very re- 
peatable phase and gain characteris- 


tics across the band. Typical phase 
linearity is within +2.5° from 10 to 
500 MHz. 

The WJ-A5 operates over a power 
supply voltage range of 8-20 Volts. 
Specifications are given at 8, 12, 15 


15 
14 


13 
12 
1 


Vec=12 
10 20 


and 20 Volts. P&A: In qtys of 100, 
WJ-A5, $77; WJ-A7, $84; stock to 30 
days. Watkins-Johnson Company, 3333 
Hillview Avenue, Palo Alto, CA 94304 
(415) 493-4141. 
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Vec=15 Vec=20 


50 100 200 500 1000 


FREQUENCY - MHz 
2. Gain performance for the WJ-A5 is relatively unaffected over a 55° to 100°C 


temperature variation. 


TA=25°C 


~ 
> 


TA=100°C 
TA=55°C 


~ 
w 


GAIN - dB 


~ 
rm 
~ 


5 20 


Vcc=15V 


50 


FREQUENCY - MHz 


3. The W-J-A5 operates over 8 to 20V power supply voltage range. Small signal 
gain is typically 14.5 dB over the entire band. 





Sweeper modules 
deliver over 16 dBm 


For high-power sweeper applications 
at S-band, Hewlett-Packard introduces 
two new power modules that fit into 
the rf drawer of their 8620 (A or B) 
main frame solid-state sweeper. Model 
86330B has 40 mW of leveled rf power 
from 1.8 to 4.2 GHz. Model 86331B 
provides over 20 mW leveled or 100 
mW of unleveled power from 1.7 to 
4.3 GHz. Leveled power variations are 
+0.7 dB and +0.8 dB, respectively 
and +4 dB and +5 dB for unleveled 
applications. Frequency accuracy for 
all sweep times over 100 ms is +20 
MHz and +25 MHz, respectively. Fre- 
quency stability with temperature is 
+500 kHz/°C and with a 3:1 VSWR 
load variation (all phases) is +1 MHz. 
Residual fm in 10 kHz BW (in cw 
mode) is under 7 kHz peak. 

The PIN modulator used for leveling 
is a combination of series and shunt 
PIN diodes designed to allow 40 dB of 
power level control. The amplifier con- 
sists of two stages with two transistors 
in parallel in each stage. HP 35820 
series transistors are used with an 
finax Of 12 GHz. Linear gain of 10 dB is 
achieved over the frequency range of 
1.7 to 4.3 GHz with typical output 
power of 100 mW. When internal level- 
ing is needed, a directional detector in 
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MICROCIRCUIT PACKAGE 


18-4.2 GHz YIG- 
TUNED OSCILLATOR 




















MODULATOR, AMPLIFIER DETECTOR 


AUTOMATIC LEVELING z 
CONTROL AMPLIFIER 








2 4OmW LEVELED 
DIRECTIONAL RF POWER 
COUPLER 


| 


AT FRONT PANEL 
OUTPUT CONNECTOR 

















These components are integrated in- 
to a single hybrid thin-film package 
to minimize losses and reduce mis- 
match. 


a balanced stripline configuration can 
be added. These components are fab- 
ricated using hybrid thin-film tech- 
niques on sapphire substrates. P&A: 
model 86330B is $2,050, model 
86331B is $2,300, for internal leveling 
add $250. Main frame 8620B is 
$1,025, 8620A is $1,500, drawer 
8621B is $425. Hewlett-Packard, 1501 
Page Mill Road, Palo Alto, CA 94304 
(415) 493-1501. 
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new products 





OSCILLATORS 





Current regulator for 
Impatt oscillators 


Regulator module (models 140/ 
141) regulate the current required 
for Impatt diodes and can be installed 
in series with the Impatt diode. These 
two-terminal modules feature 8 to 140 
V operation and characteristics en- 
hanced by inherent noise rejection 
and short circuit protection. Regula- 
tion is 0.05% and temperature stabil- 
ity is 0.3%. The current range of 10 
through 200 milliamperes is covered 
by two adjustable models, one of 1.5 
W and one of 5 W. P&A: $48, $68, 
respectively; stock to 3 wks. Electron- 
ic Modules, Inc., 2500 East Foothill 
Bivd., Pasadena, CA 91107 (213) 795- 
4231. 
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Gunn oscillators 
cover 26.5-42.0 GHz 


Gunn-effect oscillators, series VSA- 
9010, deliver cw output power rang- 
ing from 5 to 150 mW. Standard mod- 
els are tunable +100 MHz from any 
specified frequency between 26.5 to 
42.0 GHz. Upon request, special ver- 
sions can be furnished either fixed, 
tuned or with a tunability of +350 
MHz or more. 

Bias voltage is typically 4.5 Vdc. 
Max bias voltage up to 32 GHz max 
is 7.0 Vdc while max bias voltage 
above 32 GHz is 6.0 Vdc. Power/ 
temperature coefficient is +0.04 dB/ 
°C max while power supply regulation 
is 0.01% max. Load VSWR is 1.2:1 
max. Varian, Solid State West Division, 
611 Hansen Way, Palo Alta, CA 94303 
(415) 493-4000. 
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BVT sources cover 
C and X-bands 


Biased voltage tuned cw oscillators 
are offered in six new models. 

Model CA600C covers 4 to 8 GHz 
and features 100 to 300 mW output 
with +250 MHz tuning. Model CA650C 
covers 4 to 8 GHz and has an output 
ranging from 20 to 100 mW with +500 
MHz tuning. For higher powers, model 
CA500C tunes +100 MHz and pro- 
vides 400 mW in C-band while model 
CA550X, tuning over the same range, 
gives 200 mW for X-band applications. 
Other new models, CA7OOC and CA- 
750X cover 4 to 8 GHz and 8 to 12 
GHz, respectively, and are ideal for 
LO sources. Cayuga Associates, Inc., 
Cornell Research Park, Ithaca, NY 
14850 (607) 257-0555. - 
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MM wave BWO deliver 
+6 dBm, 33 to 50 GHz 


Magnetically shielded helix  struc- 
ture BWO, WJ-2055, delivers +6 dBm 
min power output from 33 to 50 GHz. 
Tuning voltage is less than 2,000 V 
and the beam current is 6 mA max. 
Size is 4 in. x 4 in. x 8 in. and weight 
is 6.5 Ibs. Watkins-Johnson Company, 
3333 Hillview Avenue, Palo Alto, CA 
94304 (415) 493-4141. 
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Pulsed sources 
tunable +200 MHz 


Pulsed Gunn signal source, model 
CA 400-OM, has center frequencies 
from 4 to 12 GHz, tunable +200 MHz. 
With min output power of 125 mV, 
the source exhibits a VSWR of less 
than 1.25. Pulse width can be varied 
from 0.1 to 1.0 ws and the prf is 5 
kHz. The unit requires a 28 Vdc, 500 
mA power source and accepts 5 V 
logic inputs. OSM female connectors 
are standard. P&A: typically $975; 60 
days. Cayuga Associates, Inc., Cornell 


- Research Park, Ithaca, NY 14850 (607) 


257-0550. 
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SWITCHES 





Modulators have 
PIN-diode switching 


These lIso-Modulators provide am- 
plitude modulation and feature a PIN- 
diode switch module with isolators on 
both input and output. All models 
have an output to input isolation of 
35 dB, max VSWR of 1.6 and handle 
100 mW. Min insertion loss with a 20 
mA bias is 40 dB. 

Model AIM-2040 covers 2 to 4 GHz 
and has a max insertion loss of 1.8 
dB with O mA bias; model AIM-4080 
covers 4 to 8 GHz with 1.8 dB loss; 
model AIM-8012 covers 8-12.4 GHz 
with 2.0 dB loss; model AIM-1218 
covers 12-18 GHz with 2.6 dB loss. 
P&A: $425. Aertech Industries, 825 
Stewart Drive, Sunnyvale, CA 94086 
(408) 732-0880. 
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Six switches and drivers 
in a single packag 


Series of integrated switches and 
drivers are designed to provide rf con- 
trol from 10 to 200 MHz. Up to six 
separate switches and drivers are 
housed in a single 24 pin DIP pack- 
age. Isolation ranges from 30 dB to 
50 dB min, and insertion loss is from 
1.5 dB to 2.2 dB max depending on 
which of the three models is selected. 
No bias connections or dc blocks are 
required in the rf line. Driver inputs 
are TTL compatible with built-in fail- 
safe provisions. If the input gate level 
is open circuited, the switch goes to 
an isolation state. Power supply re- 
quirements are +5 V. All units are 
available with MIL-STD-883 screening. 
LRC, Inc., 11 Hazelwood Road, Hud- 
son, NH 03051 (603) 883-8001. 
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Take it to the moon 

or mountaintop. It’s the 

new Fluke go anywhere 
telecommunications counter. 











5 Hz to 515 MHz 

6 digit LED display 

Units annunciation 

Optional snap-on battery pack 


for up to 5 hours off-line 
operation 

50 millivolt sensitivity over 
entire range 

Superb Fluke quality and 
reliability 

TCXO for instant-on full time 
accuracy 


World-wide network of factory 
service centers 


Model 1980A 
with rechargeable battery 
pack and carrying case. 





[FLUKE] 


John Fluke Mfg. Co., Inc., P.O. 
Box 7428, Seattle, WA 98133 
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For data out today, 
dial our toll-free hotline, 
800-426-0361 





neiark VHF UHF RESISTORS 
ROD TYPE & DISC TYPE RESISTORS 


Carbon film and metal film are used as resistive 
element in our VHF UHF resistor, which offer high 
degree of stability, and are suitable to be used in 
microwave and high speed pulse circuit. 


@ FREQ 

@ RESISTOR 

@ POWER %W~10 W 

@ TOLERANCE +5% +1% +0.5% 

@ APPLICATION Attnuators Coaxial terminations 
Dummy loads Coupling resistors, etc. 


DC~3,000 MHz 
0.1 2~20 k2 


i ROD TYPE RESISTORS 
TYPE HA 


Silver Plated Metal 
Terminals Terminals 


WM DISC TYPE RESISTORS 
TYPE ND-1 


a 9 


Silver Plated 
Terminals 


NIHON KAGAKU KOGYO CO., LTD. 
Head Office: 23-11, 1-chome Wakamatsu-cho, Fuchu city, Tokyo, Japan 
Phones: Fuchu (0423) 62-7331 

Cable Address: NEOARK FUCHU TOKYO 


TYPE HC TYPE HP 


TYPE ND-4 


o aoe 


Metal 
Terminals 
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JOIN 

The Antennas 
And 
Propagation 
Society 


We invite you to become a member of the 

IEEE Antennas and Propagation Society (for- 
merly, the Group on Antennas and Propagation) in 
this, its twenty-fifth year since founding. 


Devoted to the furtherance of research, development 
and engineering in antennas, propagation, scattering, 
and electromagnetic theory, the Society joins together 
4000 colleagues interested in the above disciplines. It 
offers to its members bi-monthly Transactions, recog- 
nized throughout the world as the leading publication 
in the field and sponsors conferences which annually 
call together engineers and scientists working in the 
electromagnetics discipline to report their recent ac- 
complishments. The Society sponsors an Outstanding 
Lecturer series, bringing to its local chapters dis- 
tinguished men to discuss their areas of expertise. 
Through its technical and administrative committees, 
the Society offers a forum from which to speak to the 
profession and about the profession on all matters 
of interest to its members. 


If you are not yet a member of the Antennas and 
Propagation Society, we invite you to fill out and send 
the accompanying application form to: 

Dr. R. J. Garbacz, Memb. Chairman 

ElectroScience Laboratory 

The Ohio State University 

1320 Kinnear Rd. 

Columbus, Ohio 43212 





Mailing Address: 











Affiliation: 





Field of interest: 


[|] lama _________. member (give grade) of 
IEEE and hereby apply for membership in the 
Antennas and Propagation Society. Enclosed 
is a check for the Society fee. 

Annual Rates: $8.00 

(Make checks payable to IEEE) 


[_] | am not a member of the IEEE. Please send 
me more information. 
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SWITCHES 





SYSTEMS 





10ns driver for 
series/shunt switches 


SD-1007A, provides current from either 
positive or negative supply voltage 
(+12 V) (depending on input from a 
TTL gate) and has a total switching 
time of 10 nanoseconds (max) with 
typical delay and rise time of less 
than 5 nanoseconds. It is compatible 
with both TTL and DTL circuits and 
can drive shunt, series and _ series- 
shunt switches. A pull-up circuit, built 
into the input allows dc testing. Fail- 
safe design provides for the switch 
driver to be at logic ‘‘O’’ when the 
gate is short circuited and at logic 
“1"" when it is open circuited. MIL- 
STD-883 screening is available. LRC, 
Inc., 11 Hazelwood Road, Hudson, NH 
03051 (603) 883-8001. 
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Complete front ends 
measure 2” x 2.5” x 2.5” 


Electronically-tuned receiver front 
ends, VZ-3001 series, include a pre- 
selector YIG filter, a YIG-tuned tran- 
sistor local oscillator which tracks the 
filter-center frequency, a _ balanced 
mixer and a low-noise i-f preamplifier 
all combined in a small, lightweight 
package. Models VZP-3001, VZL-3001 
and VZS-3001 cover 0.5-1.0 GHz, 
1.0-2.0 GHz and 2.0-4.0 GHz, respec- 
tively. Noise figure is 15 dB max for 
all models. I-f gain is 25 dB, and 3 
dB bandwidth is 20-30 MHz. LO 
radiation is —80 dBm and input pow- 
er is 6 to 10 W. Varian, Solid State 
West Division, 611 Hansen Way, Palo 
Alto, CA 94303 (415) 493-4000. 
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FEATURES 


® Dc to 18.0 GHz 

© 1 through 20 dB 

© —55°C to +125°C 

© 0.5 watts at +125°C 

© 0.86 in. long x 0.28 in. diam. 
® less than 5 grams 


Industry's smallest, lightest, high performance fixed attenuator. 


, SPECIFICATIONS 


Frequency Range: 


Attenuation Values: 


Accuracy of Attenuation: 


Maximum VSWR: 
Input Power: 


Temperature Range: 
Price Schedule: 


Model 290 (DC to 18.0 GHz) 
Model 291 (DC to 12.4 GHz) 
Model 292 (DC to 8.0 GHz) 


Delivery: 


MURG\ sicroviave 


Model 290: DC to 18.0 GHz 
Model 291: DC to 12.4 GHz 
Model 292: DC to 8.0 GHz 
Any value 1 through 20dB in 
.5dB increments 

1 through 6dB: + 0.3dB 

7 through 20dB: + 0.5dB 
1.07 + .015fGHz 

2 watts average at 25°C 
derated linearly to 0.5 watts 
at 125°C 

-55°C to + 125°C 
1-12dB 13-20dB 


$60.00 
50.00 
42.00 


Stock to 20 days ARO 


3800 Packard Road, Ann Arbor, Michigan 48104 
(313) 971-1992 @ TWX 810-223-6031 
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Comm. downconverter 
offers 40 dB gain 


Communications downconverter, 
model AM 3742-LN, covers 3.7-4.2 
GHz. |-f frequency is 50-90 MHz over 
the —0.2 dB points. Conversions are 
available in either single or dual. 
Noise figure is 10 dB (4.5 dB with 
low-noise preamplifier), and frequen- 
cy stability is 0.0005%. Miteq, Inc., 
100 Ricefield Lane, Hauppauge, NY 
11787 (516) 543-8873. 
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MIXERS 





Mixers need only 
+5 dBm LO drive 


Single-balanced mixers in the MSX 
series cover 2 to 18 GHz in nine mod- 
els. SMA connectors are standard on 
these two-diode devices. Typical spec- 
ifications are 25 dB min isolation, 5 
dBm LO power and 7.5 dB max con- 
version loss. Although coaxial connec- 
tors are standard, waveguide flanges 
are available on models covering 6 
to 11, 8 to 12.4, 10 to 15 and 8 to 
16 GHz ranges. P&A: $160 to $450 
in qtys 1-4. Aertech Industries, 825 
Stewart Drive, Sunnyvale, CA 94086 
(408) 732-0880. 
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GaAs mixer diodes 
offer 5 dB NF 


GaAs mixer diodes operating from 
6-10 GHz offer guaranteed noise fig- 
ures from 5 to 7.5 dB in 0.5 dB in- 
crements. Two popular package styles 
are available ‘‘MQM’’ (model SSX- 
44100) and pill (model SSX-44200). 
The pill-configured diode is _ readily 
usable in both microstrip and _ strip- 
line applications. Burnout rating is 12 
W peak power at 1 ns pulse lengths 
and min compression point is 5 dBm. 
Delivery: 2 wks. Sperry Microwave Sys- 
tems, Microwave Components, Dept. 
9000, Waldo Road, Gainsville, FL 
32601 (904) 372-0411. 
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ANTENNAS 


TEST INSTRUMENTS 





Air traffic control array 
boasts 8 dBi gain 


A four bay, vertically polarized, 
omnidirectional collinear array, the 
TECOM 401031 is for military (225- 
400 MHz) air-traffic communications. 
It has a gain of 8 dBi, an average 
VSWR of 1.2:1 and handles 2 kW av- 
erage power. The array is radome en- 
closed, foam filled and hérmetically 
sealed against rain, salt air, birds and 
ice and is designed to function reliably 
in an 85-mph wind with a half-inch of 
radial ice. The TECOM 401031’s beam 
width is omnidirectional +3/4 dB in 
azimuth and is 19° at midband in ele- 
vation. The antenna weighs 60 Ibs and 
is 104 in. high and 8 5/8 in. in di- 
ameter. Tecom Industries, Inc., 9000 
Ownesmouth Avenue, Canoga Park, 
CA 91304. 
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Horn antennas 
cover 1 to 12 GHz 


Wa» 


A family of quad-ridged horn an- 
tennas, the WJ-8326 Series covers the 
standard 1 to 2, 2 to 4, 4to 8, 8 to 12 
and 12 to 18 GHz bands. Each pyra- 
midal horn has two orthogonally plac- 
ed input feeds which provide the capa- 
bility for horizontal, vertical and (with 
a 90° hybrid) right or left hand circu- 
lar polarization. They are also ideally 
suited for feeding high-gain dishes for 
ECM, surveillance and direction-finding 
applications as well as primary radi- 
ators. Watkins-Johnson Company, 3333 
Hillview Avenue, Palo Alto, CA 94304 
(415) 493-4141. 
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Module expands range of 
monitor to 1.3 GHz 
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This module, model RFM-11A,_in- 
creases the maximum frequency ca- 
pability of Singer’s FM-10C communi- 
cation service monitor to 1.3 GHz. It 
features an input sensitivity adjustable 
from 20 wV to 20 mV and can be 
used to service TACAN/DME equip- 
ment, air-traffic control radar beacons 
and the new 900 MHz mobile radios. 
P&A: $1,295; 8 wks. Singer Instru- 
mentation, 3211 S. La Cienega Blvd., 
Los Angeles, CA 90016 (213) 870- 
2761. 
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Frequency counter meets 
communications needs 


v 


Portable frequency counters, mod- 
els 6251 and 6252, cover the fre- 
quency range to 512 MHz and 180 
MHz, respectively. Each has a spe- 
cial multiplier for TONE measure- 
ments with resolutions to 0.001 Hz 
in only one second. A choice of five 
phased locked local oscillators offer- 
ing stabilities of +3 parts in 10’ 
month to 5 parts in 10” per day are 
available. 

Input sensitivity of model 6252 is 
25 mV rms to 50 MHz and 50 mV 
rms for inputs above 50 MHz. The 
input is coupled to a level meter for 
input monitoring. Full input protec- 
tion is provided by an overload relay 
circuit. Measurements are displayed 
in an eight digit readout and includes 
leading zero suppression for error-free 
readings. Optional dc operation is 
available from an external dc source 
or from built-in battery pack. P&A: 
$1,095; 60 days. Frequency Counter 
Product Manager, Systron-Donner Cor- 
poration, 10 Systron Drive, Concord, 
CA 94518 (415) 682-6161. 
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BUILDING AN 


ANECHOIC 
CHAMBER? 


OR JUST NEED SOME 


RF ABSORBER? 


THEN YOU SHOULD 
BE TALKING TO US! 


MCP (Div. of EMC) has a 
special engineering staff 
continuously available for 
working on your custom 
requirements. We have a 
complete line of flame- 
retardant RF absorbing 
materials covering the 
frequency bands A 
through L. 


Call or write for 
further details. 


= 


MICROWAVE CONTROL 
PRODUCTS 
(Div. of EMC) 


139 Swanton Street 
Winchester, Massachusetts 01890 


Area Code 617 935-8600 
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Up and Down 
Converters 
at prices 
that aren’ 


UP CONVERTERS 


e Single or double conversion e Input 
frequency from 10 MHz e Output 
frequency to 13 GHz e Optional re- 
mote frequency selection e Hi dy- 
namic range e From $1,500.00 





TRACKING 
DOWNCONVERTER 


3 nt @ 


DOWN CONVERTERS 


e Single or double conversion e Input 
freq. to 13 GHz e Output freq. from 
10 MHz e Remote fault indicators 
e Multi-channel phase and gain track- 
ing e Optional remote frequency selec- 
tion e Optional low noise preamps 
e From $1,500.00 


TEST TRANSLATORS 


e Input frequency 5.925 to 6.425 GHz 
e Output freq. 3.7 to 4.2 GHz e Phase 
lock local osc. ¢ 40 dB calibrated at- 
tenuator e As low as $3,000.00 


Typical applications are Telemetry, 
Communications, Earth and Tracking 
Stations. Available as short haul micro- 
wave links. Miteq's other capabilities 
include receivers, transmitters and 
custom tailored options. For more 
information write or call Miteq Inc., 
100 Ricefield Lane, Hauppauge, N.Y 
11787, (516) 543-8873. 


MITEQ, Inc. 
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Pulse transmitter 
delivers 10 kW at 9 GHz 


This short pulse transmitter, model 
R 200, is designed for high-resolution 
radar and ECM applications. It can 
generate 1.0 ns pulses at a frequency 
of 9.0 GHz and delivers more than 
10 kW of peak power. The 58 Ib trans- 
mitter has a half-power bandwidth of 
200 MHz and pulse-repetition rate of 
1:0 “kHz... Size is ‘6 x 20 <x 21-5: in., 
power requirements are 115 Vac at 2 
A and an SMA output jack is provided. 
IKOR, Inc., Second Avenue, Burling- 
ton, MA 01803 (617) 272-4400. 
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500-MHz synthesizer 
has 10 kHz resolution 


A 500 MHz frequency synthesizer, 
model GR1062 features residual phase 
noise of —60 dB which makes it an 
excellent source to upconvert or multi- 
ply into microwave frequency bands. 
The basic unit provides a leveled out- 
put of —7 to +13 dBm into 50-ohms 
with an 80 dB signal-to-spurious level 
from 10 kHz to 500 MHz with 10-kHz 
(five digit) resolution (optional to 0.1 
Hz, ten digit). Both frequency and 
output level can be remotely pro- 
grammed with a settling time of less 
than 100 us. A search-sweep mode 
provides additional resolution to 100 
Hz. 

The search-sweep mode allows any 
decade with 1-MHz steps or less to 
be varied by continuous control with 
over-lapping coverage and provides the 
synthesizer with the convenience of 2 
signal generator for critical resonance 
or bandpass studies. It also makes 
possible sweep-frequency measure- 
ments because the search-sweep func- 
tion can be remotely controlled by a 
sawtooth waveform. Am, fm and pm 
capabilities are also built-in and con- 
trolled by external signals. Model 1062 
is supplied without front-panel con- 
trols although they are available as 
options. P&A: from $8,700. General 
Radio, 300 Baker Avenue, Concord, 
MA 01742 (617) 369-4400. 
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PASSIVE COMPONENTS 





Loads and pads 
operate dc to 2.5 GHz 


eo” 

This series of uhf coaxial termina- 
tions and attenuators covers dc to 
2.5 GHz and is supplied with BNC 
connectors. Model 442 is a coaxial 
attenuator with fixed attenuation val- 
ues of 3, 6, 10 or 20 dB. Model 452 
is a 50-ohm coaxial termination with 
a 2 W power rating, while model 454 
is a 50-ohm feed-through termination. 
P&A: models 442 and 454: $20; model 
452: $15. Systron-Donner Corporation, 
Microwave Division, 14844 Oxnard 
Street, Van Nuys, CA 94109 (213) 
786-1760. 


READER SERVICE NO. 129 


Absorptive attenuators 
cover octave bands 


Absorptive attenuators Series CAA- 
7000, operate over octave bandwidths 
as shown. Both 40 and 60 dB models 
are available with or without integral 
high-speed linearized drivers. Attenua- 
tion (dB, max) is 40/60, +5%, with 
switching speed 50 nsec. For ECM ap- 
plications, these devices provide pre- 
cise pulsing of attenuation levels and 
continuous, level output minimizing 
circuit degradation. P&A: 6 wks. Crown 
Microwave, Inc., 6 Executive Park 
remy Billerica, MA 01862 (617) 667- 
4165. 


Performance 

40 dB/60 dB 
Frequency 
(GHz) 2-4 4-8 8-16 16-18 
Insertion 


Loss (dB) 1.5/1.8 2.0/2.5 3.5/4.5 3.5/4.5 
VSWR (max) 1.7/1.9 1.8/2.0 2.0 2.0 
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Portable tape 
readouts 


“Portaread’”’ portable tape readout 
device, model No. TD 10, features 
front-loading cover for easy tape ac- 
cess. Each turn of the tuning knob 
provides 3.5 in. of readout. Zero back- 
lash coupling corrects for device shaft 
misalignment and quick disconnect 
spools allow for rapid assembly of 
tapes. ‘‘Portaread’’ accommodates 
0.001 in., 0.002 in. and 0.003 in. 
thick tapes. Sprockets available for 
35 MM, 8 MM and 32 pitch tapes. 
Standard tape width for this model 
is 1.165 in. 

Tape drive, model TD 30, accom- 
modates 0.001 in., 0.002 in. thick 
tapes with 32 pitch tape punchings 
and each turn of tuning knob _ pro- 
vides 2.125 in. of readout. 

Model TD 20 is designed to give 
expanded scale direct reading capabil- 
ity to any tunable device. It mounts 
on a 1/4 in. shaft. Internal stops and 
shaft locks available. P&A: $53.50; 
stock. Direct Reading Controls, Inc., 
29 Spring Garden Drive, Madison, NJ 
07940 (201) 273-4576. 
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Remote attenuator 
has 0-20 dB range 


This remotely-controlled coaxial at- 
tenuator has an attenuation range of 
0-20 dB over 5.9 to 6.5 GHz with a 
VSWR of 1.25. The insertion loss is 
0.5 dB max. The electro-mechanical 
device requires a 115 V ac 50 or 60 
cycle single phase source and draws 
100 mA. Stopping accuracy is +0.1 
dB. Waveline, Inc., P. O. Box 718, 
West Caldwell, NJ 07006 (201) 226- 
9100. 
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Filter kits feature 
five cutoff frequencies 


These low pass and high pass co- 
axial filter kits feature five cutoff fre- 
quencies ranging from 100 MHz to 
12.4 GHz. The kits include: model F- 
10-K1 minature low pass with 100 
MHz, 200 MHz, 400 MHz, 800 MHz 
and 1000 MHz cutoff frequencies. 
Model F-30-K1 precision low pass with 
1 GHz, 2 GHz, 4 GHz, 8 GHz and 12.4 
GHz cutoff frequencies and model 
F-40-K1 precision high pass with 1 
GHz, 2 GHz, 4 GHz, 8 GHz and 10 
GHz cutoff frequencies. All filters are 
bilateral 50-ohm devices available with 
precision stainless-steel type N or SMA 
connectors. P&A: $425 and up; stock. 
R L C Electronics, Inc., 83 Radio 
Circle, Mt. Kisco, NY 10549 (914) 
241-1334. 
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K-band isolators 
weigh only 12 oz. 


A new series of waveguide isolators 
cover 18 to 26.5 GHz with five models. 
Weighing only 12 oz, these devices 
handle 5-W average power, 5-kW peak. 
Model K884L1 spans 18.0 to 26.5 
GHz and features isolation of 25 dB 
min, insertion loss of 1 dB max, bi- 
lateral VSWR of 1.20 max and is 4.5 
in. long. Other models in this series 
cover 18 to 20, 20 to 22, 22 to 24.5 
and 24.5 to 26.5 GHz ranges and fea- 
ture 30 dB min isolation, 0.6 dB max 
insertion loss, 1.10 max bilateral VSWR 
and measures 3 in. All models feature 
UG-595/U_ flanges to fit RG-53/U 
waveguide. P&A: model K884L1: $355; 
other models: $290; 3-4 wks. E & M 
Laboratories, 5388 Sterling Center 
Drive, Westlake Village, CA 91361 
(213) 889-1470. 
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Ku-band isolators have 
only 0.3dB loss 


These waveguide isolators cover the 
12.4-18.0 GHz range. Specifications 
over a 500 MHz BW include isolation 
of 30 dB min and insertion loss of 
0.3 dB max and VSWR of 1.15 max. 
P&A: $250 ea. in qtys 1-5; 4-6: wks, 
ARO. E & M Laboratories, 5388 Ster- 
ling Center Drive, Westlake Village, 
CA 91361 (213) 889-1470. 
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AMPLIFIERS 





Log TDA’s offer 
output level contro! 


Tunnel diode amplifiers, series LG-8, 
cover 4 to 8 GHz, 6 to 10 GHz, 8 to 
12 GHz and 12 to 18 GHz bands. 
Noise figures range from 5.0 to 6.5 
dB. The operating temperature is —55 
to +71°C. Input VSWR is 1.2:1. All 
units are instantaneous level controlled 
with feedback loops, which compress 
a 65 dB variation of input power 
into a 10 dB monotonically changing 
output power. The input/output curve 
is nearly logarithmic with an adjusta- 
ble slope compression between 6 and 
15. Response time of the feedback 
loop is 150 ns. Hard limiting TDA’s 
are also available which hold output 
levels constant to within 0.5 dB while 
input levels range from —45 to +15 
dBm. International Microwave Corpora- 
tion, 33 River Road, Cos Cob, CT 
06807 (203) 661-5924. 


READER SERVICE NO. 110 


Pre-amplifier features 
2.5 dB noise figure 


Communications preamplifier, mod- 
el FWO811N, provides low-noise figure 
and group delay variation over 0.8-1.1 
GHz. Typical performance figures are 
noise figure 2.5 dB, group-delay vari- 
ation +8 picoseconds and 20 dB gain. 
The amplifier has been designed spe- 
cifically for communication front end 
applications, both in new equipment 
design and as a retrofit for tunnel- 
diode amplifiers. P&A: $220 in small 
qtys; stock to 4 wks. Frequency-West, 
Inc., 3140 Alfred Street, Santa Clara, 
CA 95050 (408) 249-2850. 
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I-f preamplifiers 
have 1.5 to 4 dB NF 


Series PE1171 low-noise i-f pre- 
amplifiers cover frequencies from 10 
to 2000 MHz. Gain is 30 dB min. 
Noise figures are from 1.5 to 4 dB. 
Size: is 3 in. x 1.5 in. * 2 ins & 
weight is 4 oz. Operating temperature 
from —55 to 85°C. P&A: $90; stock to 
2 wks. Pasternack Enterprises, 9562 
Dumbreck Drive, Huntington Beach, 
CA 92646 (714) 962-8887. 
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AMPLIFIERS 


MISCELLANEOUS 





Oct ve amplifiers 
deliver 25 dBm 


Medium power solid-state -amplifi- 
ers, models VSL-7445C and _ VSS- 
7455A, cover 1.0 to 2.6 GHz with 200 
mW output and 2 to 4 GHz with out- 
put of 100 mW, respectively. Typical 
noise figures are 7.5 dB and 6.5 dB. 
Weight is 10 oz. Varian, Solid State 
West Division, 611 Hansen Way, Palo 
Alto, CA 94304 (415) 493-4000. 
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Log amps have 
25 ns risetime 


Detector log amplifiers in the 
LD1100 series are designed to opti- 
mize log linearity over a wide dynamic 
range. Typical values are +0.2 dB 
from near tangential signal level to O 
dBm and cover the range from 1.0 to 
18 GHz. Self-compensating, balanced 
logging stages hold variations over 
temperature to within 0.75 dB (typi- 
cal) over the range from -—54°C to 
+71°C. LD1100 series detector log 
amplifiers have a max risetime of 25 
ns, making them compatible with cur- 
rent system requirements for narrow- 
pulse processing. P&A: $750-$825; 
30 to 45 days. Aertech Industries, 825 
Stewart Drive, Sunnyvale, CA 94086 
(408) 732-0880. 
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2 new catalogs from S-D 
(free) 


Systron-Donner’s microwave com- 
ponents catalog. This 112-page 
guide covers more than 4,000 
waveguide and coaxial compo- 
nents spanning the frequency range 
from DC to 140 GHz. Detailed spec- 
ifications and application informa- 
tion make this catalog especially 
useful. All items listed are readily 
available, either off-the-shelf or on 
short delivery. 


Systron-Donner’s 1974 general in- 
strument catalog. It’s a 256-page 
compilation of one of the widest 
selections of electronic instrumen- 
tation in the industry. Complete 
specifications are given for Systron- 
Donner’s extensive range of test 
and measurement instruments, power 
supplies and computer test systems. In- 
struments for R & D, manufacturing and 
service applications use the latest tech- 
nical advances to assure maximum per- 


SYSTRON 





formance and value. Free copies of the 
catalog may be obtained from Scientific 
Devices offices or from Systron-Donner 
Corporation, 14844 Oxnard Street, Van 
Nuys, Calif. 94086. Phone (213) 786-1760. 


5D > DONNER 
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S-band varactors 
feature high Q 


The silicon varactors in the GC- 
1800 series are abrupt-junction de- 
vices providing a min reverse break- 
down voltage of 90 V at 10 »A max. 
Designed for use up to 4 GHz, these 
tuning diodes are used in circuits re- 
quiring a high Q varactor such as 
tunable filters and amplifiers, voltage- 
controlled oscillators and frequency 
synthesizers. They are also used as 
linear frequency and phase modula- 
tors in communications applications. 
GHZ Devices, Inc., 16 Maple Road, 
Chelmsford, MA 01824 (617) 256- 
8101. 
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Waveguide switch 
protects transmitters 


This series waveguide switch, No. 
34C90400 WR-284, covers 2.6 to 3.95 
GHz with a VSWR of 1.1 max, an in- 
sertion loss of 0.2 dB max and iso- 
lation of 60 dB min. It features man- 
ual actuation and a temperature range 
of —54°C to +95°C. 

The switch can be ordered with an 
optional interlock feature that provides 
positive transmitter protection. When 
the actuation knob is turned, control 
contacts are opened before the wave- 
guide rotor is moved. The contacts do 
not close again until the rotor is in 
its new position. Other models for WR- 
62 to WR-284 waveguide can be or- 
dered. Transco Products, Inc., 4241 
Glencoe Avenue, Venice, CA 90291 
(213) 821-7911. 
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Power transistors 
offer 70-90 % 7» 


Rf power transistors, models TPT 
1001 and TPT 1002, employ a con- 
tinuous plate-like emitter, metal-base 
grid and centrally-located emitter bond- 
ing wires to achieve collector efficien- 
cies ranging from 70 to 90%. 

TPT 1001 and TPT 1002 are rated 
at 5-W and 3-W, respectively, at 400 
MHz and 28 Vdc bias. They are her- 
metically sealed in a TO-60 package 
or can be ordered in a stripline de- 
sign. Transistor Power Technology, 
Inc., Douglas Hill, ME 04023 (207) 
787-2020. 
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NEW PRODUCTS RELEASED AT PRESSTIME 





Filters can 
be multiplexed 


A series of microwave filters and 
multiplexers provide coverage from 
100 MHz to 20 GHz as shown in the 
table. 

Stopband rejection of 50 dB min is 
typical and insertion loss is 0.75 to 
1 dB max. Passband VSWR is 1.4 to 
1.6 max. Channel separation or com- 
bination may be effected by multi- 
plexing two or more filters onto a 
single port using a common external 
junction. Crossover channel separa- 
tion may be varied from being con- 
tiguous (at 3 dB frequency) to any 
desired attenuation level. Frequency 
Contours, Inc., 3140 Alfred Street, 
Santa Clara, CA 95050 (408) 984- 
7820. 
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Model Passband Model 
No. (GHz) No. 
FC-7101 5-1. FC-7107 7 
FC-7102 1.0-2. FC-7108 8 
FC-7103 6-3. FC-7109 8 
FC-7104 .0-4. FC-7110 1 
.6-5. 1 

.0-8. 


Passband 
(GHZ) 





.0-12.0 
H .0 
8.0 
8.0 


0-1 

0-1 

0-1 

1.0- 
.0- 


2 
6 
1 
FC-7105 FC-7111 1 
FC-7106 
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K-band circulators 
have only 1 dB loss 











Circulator model C-18S33T covers 
the frequency range of 18-26 GHz. 
Isolation is 16 dB, insertion loss is 
1.0 dB and VSWR 1.5:1. Package size 
is 0.68 x 0.51 x 0.53 in. Standard 
connectors are SMA female. Teledyne 
Microwave, 1290 Terra Bella Avenue, 
Mt. View, CA 94043 (415) 968-2211. 
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4 GHz amps 
deliver 1/4 W 


Medium power transistor amplifier, 
model VSG-7425F is specifically de- 
signed as a transmitting amplifier in 
commercial _ line-of-sight microwave 
systems. Power output is_ typically 
more than 250 mW. Frequency range 
is 3.7 to 4.2 GHz and min power 
output at saturation is +23 dBm. 
Typical noise figure is 8.5 dB and 
small signal gain is typically 37 dB. 
Weight is 10 oz and size is 1.0 x 2.5 
x 4.25 in. Varian, Solid State West 
Division, 611 Hansen Way, Palo Alto, 
CA 94303 (415) 493-4000. 
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Drivers turn on 


Solid-state drivers, models SD-4113 
and SD-4114, designed for use with 
high power diode s\vitches drive two 
SPDT switches or four SPST switches, 
respectively. Both models, in flatpack 
configuration (0.650 in. x 0.650 in. x 
0.150 in.) feature TTL compatible cir- 
cuits. SD-4113 (driving two SPDT 
switches) provides inverting and non- 
inverting outputs. Model SD-4114 
(driving four SPST switches) has in- 
verting output. MIL-STD-883 screening 
is available. LRC, Inc., 11 Hazelwood 
Road, Hudson, NH 03051 (603) 883- 
8001. 
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Linear power amps 
for CATV 


Linear power amplifiers cover 30- 
300 MHz. Output power is +30 dBm 
min for 1 dB compression. Third-order 
intercept point is +42 dBm while in- 
put and output match is 2:1. Voltage 
is 20 V and current is 500 mA. Size 
is 7-1/8 x 2-5/8 x 1-7/8 in. P&A: 
$545. Miteg, Inc., 100 Ricefield Lane, 
Hauppauge, NY 11787 (516) 543- 
8873. 
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5-550 MHz switch 
in dual inline package 


Rf switch, model FD-1B, has an 
input frequency range of 5-500 MHz 
and output frequency range of 10 to 
1000 MHz. Input power is +10 dBm 
while conversion loss is 12 dB. Funda- 
mental frequency rejection is 20 dB 
min and temperature is -—55°C to 
100°C. P&A: $14.50; stock. RF Power 
Labs, Inc., 11013 118 Place, N. E., 
Kirkland, WA 98033 (206) 822-1251. 
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Uhf circulator 
measures 2” x 2” x 1” 


Model U3T41 uhf coaxial circulator 
is designed for operation in the 300- 
500 MHz region. Bandwidth is 15% 
max while isolation is 17 dBm min. 
Insertion loss is 1.0 dB max and 
VSWR is 1.30 max. Rf power is 40 
W cw and operating temperature is 
—30°C to +80°C. It is qualified to 
meet stringent MIL-spec environmental 
requirements. Vibration is 75 G’s peak, 
130 to 300 Hz and shock is 59 G’s. 
Humidity is 90% RH at +60°C. P&A: 
$195 in qtys 1-5; 4-6 wks ARO. E&M 
Laboratories, 5388 Sterling Center 
Drive, Westlake Village, CA 91361 
(213) 889-1470. 
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Simulators check out 
laser seekers 


Three laser simulators for rapid 
checkout of laser seekers and receiv- 
ers are available. Model LS-1 operates 
at 1.06 microns and model LS-2 at 
0.905 microns. They both have a 3 
mW peak output and 20 ns pulse- 
width. They also have a_ selectable 
PRF (single-shot, 10 pps, 20 pps). 
Model LS-3 has a wavelength of 0.660 
microns, 3 mW peak output and 60 
us pulsewidth. It has selectable PRF 
(single-shot, 1 pps, 2pps). 

Each weighs only 1 Ib and can be 
used in the field or the laboratory to 
provide eye-safe pulses to simulate a 
variety of laser outputs. The unit is 
powered by a 9 V transistor radio 
battery that provides over 10 hours 
continuous operation. Martin Marietta 
Aerospace, P. O. Box 5837, Orlando, 
FL 32805 (305) 855-6100. 
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NEW 1974 
MICROWAVE 
FILTER CATALOG 


MHz to 12.5 GHz. 


PHONE: 301-749-2424 








meer 











Now available from K & L Micro- 
wave, the most comprehensive cat- 
alog on microwave filters; 24 pages, 
all the information needed to design 
and specify miniature filters from 5 


KEE MICROWAVE INC 
408 COLES CIRCLE, SALISBURY, MARYLAND 21801 
TWX: 710-864-9683 
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FLATPACK 


ATTENUATOR 


MODEL AT-101 


1.5 MHz-1 GHz Frequency 
Range 

WAcle| sw AVaC-lalUr-lalelam at-lale(= 

<2.0:1 VSWR 

aectole|siaeme gem @)cel-lallali-lae:] ey. 


ANZAC 


ELECTRONICS 


39 Green Street, Waltham, Mass. 
(617) 899-1900 e TWX 710-324-6484 
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RF & MICROWAVE 
SOURCES INFRA-RED, LF, 
UHF and VHF 


RADAR SYSTEMS: 150 MHZ to 
35 GHZ 


AUTOTRACK ANTENNA 
MOUNTS: Nike Hercules, Nike 
Ajax, SCR 584. Capacity 50 Ibs. 
to 10,000 Ibs. Light Airborne 

to Sage Systems 

RADAR INDICATORS: 
PPI-RHI-A/B/C/Scopes 

PULSE MODULATORS: 25KW 
to 10 Megawatts 


HIGH VOLTAGE POWER 
» SUPPLIES: Up to 30KV15A 


MICROWAVE TUBES: TWT, 
Klystron, BWO, Carcinotron, 
Magnetron Every Frequency 
MICROWAVE COMPONENTS 
SONAR SYSTEMS 


SEND FOR FREE 24 PAGE 
CATALOG ON YOUR LETTERHEAD 


RADIO RESEARCH 
INSTRUMENT CO. INC. 


3 Quincy Street, Norwalk, Ct. 06850 
(203) 853-2600 
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new literature 


Reprints 


The article entitled ‘‘Simplify Switch 
Design with the Bosomworth Plot’ 
which ran in the October 1973 issue 
of MicroWaves is available by contact- 
ing: Robert P. Quinn, Varian Associ- 
ates, 8 Salem Road, Beverly, MA 
01915 and requesting Technical Paper 
reprint SSE201. 


Spectrometer 


CT103 Spectrometer/Monochrome- 
ter is a computer-ready f/6.8 one- 
meter high-resolution unit. Included 
in the brochure is a detailed tech- 
nical discussion of the CT103 fea- 
tures and accessories, plus complete 
specifications. Chromatix, 1145 Terra 
Bella Avenue, Mountain View, CA 
94043 (415) 969-1070. 
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Component Ovens 


Fully proportional DC, AC Zero 
Crossing, and thermostatically con- 
trolled ovens for general components, 
crystals, microwave components, and 
high stability applications are _ illus- 
trated. Temperature stabilities up to 
one half millidegree/°C. are shown. 
Oven Industries, Inc., PO Box 229, 
— PA 17055 (717) 766- 
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Noise Generator 


These white noise generator diodes 
are hermetically sealed silicon devices 
operating in the avalanche mode and 
generating noise from frequencies of 
less than 1 Hz through the micro- 
wave region. Diodes are manufactured 
by a proprietary hybrid process that 
produces extremely high levels of 
noise relatively independent of fre- 
quency and temperature. White noise 
generator modules are hermetically 
sealed microcircuits utilizing proprie- 
tary voltage amplifier techniques cou- 
pled with white noise diodes. Codi 
Semiconductor, Pollitt Drive South, 
Fair Lawn, NJ 07410 (201) 797-3900. 
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Laser Machining 


CO, laser product line consists of 
models 42, 42L, 41 and 43 lasers, 
ranging from 50 watts to 500 watts 
in output power. They constitute safe 
and reliable sources of low, medium, 
and high power radiation, emitting at 
10.6 microns. The CO, lasers provide 
flowing gas from either pre-mixed or 
separate gas bottles and are designed 
with generous power margins. They 
can be used for many applications 
viz: high-speed perforation of plastic, 
rubber and paper sheeting; the man- 
ufacture of steel rule dies for the 
carton packaging industry; cutting and 
welding of exotic aerospace alloys; 
resistor trimming, and_ scribing/drill- 
ing of ceramic substrates in the mi- 
croelectronics industry. Coherent Ra- 
diation, 3210 Porter Drive, Palo Alto, 
CA 94304 (415) 493-2111. 
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new literature 


Trans. Lines 


Data on rigid coaxial transmission 
line includes information on design 
and construction, plus a listing of 
availabilities in four sizes ranging 
from 7/8 to 6 1/8 inch either in 20- 
foot sections or special lengths which 
may be ordered with flanges both 
ends, flange on one end or without 
flanges. FM broadcast antennas are 
also described in this 22-page catalog. 
Phelps Dodge Communications Co., 
Route 79, Marlboro, NJ 07746 (201) 
462-1880. 
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Conversion Scale 


A free conversion scale is available. 
It converts microvolts to dBm and 
vice versa. High resolution is afforded 
by the 10-inch scale length. It is print- 
ed on silver foil with adhesive backing 
suitable for permanent attachment to 
an instrument. Overall size is 11x1/8 
inches. Singer Instrumentation, 3211 
South LaCienega Blvd., Los Angeles, 
CA 90016 (213) 870-2761. 
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Laser Brightness 


Modular high-brightness laser sys- 
tems are discussed with highlights of 
full specifications and typical config- 
urations. It utilizes various combina- 
tions of proven modular oscillator/ 
amplifier components; is tailored to 
meet the most exacting requirements- 
fully backed by applications engineer- 
ing and maintenance service. Korad 
Division of Hadron, Inc., 2520 Colo- 
rado Avenue, Santa Monica, CA 90406 
(213) 829-3377. 
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Impedance Assembly 


A level and impedance coordination 
assembly providing for interconnection 
of FDM multiplex equipment and mi- 
crowave radio equipment with different 
impedances and/or levels is the topic 
of discussion in this short brochure. 
Karkar Electronics, Inc., 245-11th 
Street, San Francisco, CA 94103 (415) 
593-0326. 
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Photometer 


A wide variety of accessories are 
available for this photometer. They 
increase the versatility, portability, 
convenience and field use. The acces- 
sories fall into five major classes: 1) 
optical accessories including 2 Casse- 
grain telescope objectives, color tem- 
perature iris diaphram, filter holder, 
external calibrating light source and 
Micro-Cell for adapting standard mi- 
croscope objective to the photometer; 
2) illuminance measuring accessories; 
including an illuminance baffle, cosine 
receptor, reflectance standard and 
fiber optics probe; 3) portable, re- 
chargeable AC power supplies; 4) tri- 
pods, supports and X-Y translators and 
5) foam-lined, impact-resistant carry- 
ing cases. Photo Research, 3000 North 
Hollywood Way, Burbank, CA 91505 
(213) 849-6017. 
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DIGITAL 
ATTENUATORS 


SMALL SIZE, PASSIVE, REMOTE CONTROLLED 


peycltid. Keseach. 


INCORPORATED 


76 South Bayles Ave., Port Washington, N.Y.11050 (516) 883-5700. 
Low Pass Filters, High Power Varactor Multipliers, Digital Attenuators 


a 
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letters 


To The Editor: 


In The article, “New Mixer Designs 
Boost D/F Performance”, (Oct., 1973, 
p. 60), important advantages of broad- 
band double-balanced mixers were not 
properly presented: and the case for 
their use is far stronger than indicated. 
For example, several generalities were 
made that contradict practical measure- 
ments made by other DF systems manu- 
facturers. Specifically, it was stated that 
certain restrictions (such as low rf 
VSWR, low LO VSWR, and image re- 
jection at the rf port as described on 
p. 64), “rule out the doubly-balanced 
mixer and 180-degree hybrid mixers as 
contenders for broadband phase and 
amplitude tracking systems.” 

In contrast, we at RHG have found 
that it is better to insure the tracking of 
rf and LO VSWR as well as magnitude 
between mixers. This is a far more im- 
portant criteria for insuring overall sys- 
tem amplitude and phase tracking. In 
addition, it would appear that a mixer 
with the simplest internal construction 
(i.e., no tightly coupled wideband hy- 
brids) would offer the greatest potential 
for good phase and amplitude tracking. 
From a practical standpoint, it can be 
shown by independent users of double- 
balanced mixers that phase and ampli- 
tude tracking of +3 degrees and 0.5 dB 
is possible from 2 to 18 GHz in a pair 
of mixers utilizing wideband microstrip 
baluns even though the input rf and LO 
VSWRs are typically 2:1. 

With respect to spurious suppression, 
the following statement is made on page 
68: “For example, a choice of mixers 
will not help the particular situation 
depicted in Figure 12, since all of the 
mixers suppress the 2 x 2 and none of 
them suppress the 3 x 3.” 

The former statement is quite true 
with respect to the LO power variations 
shown in Fig. 12 of the article; but 
again, there are practical limitations to 
be considered (particularly when com- 
paring a 90-degree hybrid mixer with a 
wider band doubly-balanced mixer). The 
figure provided shows the variation with 
rf frequency of the 2 x 2 spurious prod- 
uct for a 90-degree, 2 to 4 GHz mixer 
(RHG model MP2-4) compared to the 
same spurious product measured from 
a 2 to 4 GHz doubly-balanced mixer 
(RHG model DM2-4). The wide varia- 
tion of 2 x 2 spurious rejection with 
the 90-degree hybrid mixer over the band 
of interest is due in part to the high 
VSWR of the hybrid coupler at twice 
the applied rf and LO frequencies. (Note 
that the 3 x 3 product of the 90-degree 
hybrid mixer is more constant with 
frequency because the hybrid will work 
at three times the applied frequency.) 

The spurious suppression, intermodu- 
lation products and two-tone third order 
interference in mixers are parameters of 
keen interest to system designers. How- 
ever, all of these parameters are some- 
what frequency dependent and depend 
upon the design and construction of the 
mixer used. For this reason, we believe 
that the system designer should be cau- 


72 


On behalf of double-balanced mixer 


tioned against using low frequency gen- 
eralized tables of intermodulation prod- 
ucts and extrapolating the performance 
to higher microwave frequencies. A 
safer procedure would be to predict in- 
termodulation product levels from data 
taken directly at the frequency of oper- 
ation. 

Donald Neuf Mgr., MW Prod. 

RHG Electronics Laboratory, Inc. 

Deer Park, NY 11729. 


And Author’s Reply: 

Mr. Neuff’s concern regarding the 
most desireable mixer types for good 
phase and amplitude tracking receivers 
is understandable. First, I would like to 
correct the inference that the conclu- 
sions were arrived at on a purely 
theoretical basis. Anaren has recently 
published a 40-page catalog entitled, 
“Wideband Microwave Phase/Amplitude 
Tracking Receiver Front Ends.” (For a 
copy check RSN #160). 

Mr. Neuf states that low rf and LO 
VSWR’s are not critical to amplitude 
and phase tracking, and if the reflection 
coefficients are matched in both phase 
and amplitude, then even with VSWR’s 
of 2.0/1 (typical), receivers will phase 
and amplitude track. This may be true 
if they are the only mismatches in the 
system, then the receivers will track 
each other. In a real system, however, 
this is not the case, since antennas, 
filters, limiters, self-test devices, isola- 
tors, etc., typically precede the mixers. 
Can the mismatches from these devices 
be made to phase and amplitude track? 
If not, they will beat the mixer mis- 
matches and cause serious phase/ampli- 
tude errors in the  receiver-insertion 
characteristics. 

We have found that both in practice 
and theory, the double-balanced mixer 
and the 180-degree hybrid mixer have 
significantly inferior phase and ampli- 
tude characteristics as compared to 

Double-Balanced 
RF = -10 dBm 
LO +10 dBm 

F 30 MHz 





INTERMODULATION REJECTION LEVELS 
RELATIVE TO MAIN OUTPUT SIGNAL (dB) 


2RF=2L0=6 0MHz LO 
3RF-3L0=90MHz IF 


either the 90-degree hybrid mixer or the 
quadrature-fed dual mixer (QFDM) 
when used in an actual system—particu- 
larly in the range 2-18 GHz where the 
VSWR of all components tend to de- 
grade. (Incidentally, the table on pp. 62, 
63 had an error in the VSWR column. 
The good and poor rating were re- 
versed.) 

Mr. Neuf also points out that “2 x 2 
spurious rejection of the 90-degree hy- 
brid mixer varies considerably with the 
band of interest. This is due in part to 
the VSWR of the hybrid coupler at 
twice the applied rf and LO frequen- 
cies.” A properly designed 3 dB back- 
ward wave coupler has good VSWR 
which is independent of frequency up 
to the point where waveguide modes can 
be supported in the structure. I am not 
familiar with the type of quadrature 
coupled used in the RHG Model MP2-4; 
but if it is a backward wave coupler 
(as opposed to a branch line), then I do 
not think that his problem is due to the 
coupler. 

At Anaren, we have found that the 
suppression of any spurious terms of 
a 90-degree hybrid mixer depend most 
strongly on the decoupling network be- 
hind the diodes and the operating point 
of the diode on the I-V characteristic. 
The 2 x 2 data shown by Mr. Neuf 
was obtained using LO levels of 
+10 dBm for the double-balanced mix- 
er and only +3 dBm for the single- 
balanced mixer. We feel that +3 dBm 
is slightly starved for good 2 x 2 sup- 
pression in an unbiased 90-degree hy- 
brid mixer. 

I do agree wholeheartedly in Mr. 
Neuf’s comments about not using low- 
frequency generalized tables and extra- 
polating to microwave frequencies. 

Carl W. Gerst, Jr., Exec. VP 
Anaren Microwave 
Syracuse, NY 13205 


90 Degree Hybrid 


RF -10 dBm 
+3 dBm 





FREQUENCY (GHz) 


COMPARISON OF 2X2 AND 3X3 INTERMODULATION 
PRODUCTS OF 90 DEGREE HYBRID AND DOUBLE- 
BALANCED TYPE MIXERS IN THE 2 TO 4 GHz BAND 
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0.2-18 GHZ 
With One 

Directional 
Coupler « 
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16 dB nominal coupling over 
a 90:1 bandwidth 


Frequency sensitivity: +1 dB 
Directivity: Exceeds 15 dB 


1) Maximum VSWR: 1.2-1.4 
(main and secondary line) 


C1 Insertion loss: 0.2 dB @ 400 
MHz; 1.2 dB @ 18 GHz 


() 50 Watts average power 


(] Operating temperature range 
—55°C to 105°C 


Frequency Range, GHz 0.2-0.4{0.4-9.0]9.0-12.4 |12.4-18 
Nominal Coupling, dB 18 16 16 16 
Directivity, dB 25 20 15 10 
Frequency Sensitivity, dB +2 +1 +1 £3 
VSWR (Max) 1.29 1.20 1.25 14 
Insertion Loss, dB 

(excluding coupled power) 0.2 0.8 1.0 1.2 


| H + t 
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Norsal also manufactures stripline feed net- 
works having multi-octave bandwidths at 
power levels exceeding 1,300 Watts cw. 
Directional couplers having these power 
capabilities over wide bandwidths are avail- 
able up through Ku-Band. Also available are 
90° hybrids, directional detectors, isolated 
power dividers and stripline assemblies. C on- 
sult the factory with your specific needs. 


NORSAL INDUSTRIES, INC. 
34 GRAND BOULEVARD 
BRENTWOOD, NEW YORK 11717 
516-231-4040 
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rf 
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spectrum analyzers (A) 
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A Small RF Variable Attenuator 
With Big Performance. 


@ DC to 2 GHZ, 2to 4 GHZ Frequency Ranges 
@ Nearly Linear 0 to 10 DB, 0 to 20 DB Ranges 
@ <1 DB/GHZ Frequency Sensitivity 
@ Minimum Loss 
<0.5 DB to 1 GHZ 
@ 1°/DB X GHZ Phase 
Shift With Attenuation 
Changes 
@ SWR<1.35 to 2 GHZ 
@ Calibrated or Level Set 
@ SMA Connectors 
@ Miniature Size 


Transistors 
low-noise (A) 
oscillators (A) 
power 
power 
rf (A) 


Tubes 
triodes (A) 5 
TWTA (A) Cover IV 


Miscellaneous 

conversion scale (NL) ze 
doublers (A) 43 
drivers 69 
fault locator (A) 1S 
front-ends (A) 17 
imped. assembly (NL) ae 
lasers (NL) 70 
lasers (NL) fal 
measuring techniques 


(AN) 58 
: aa modules 61 
ovens (NL) 70 
WEINSCHEL ENGINEERING 


photometer (NL) 
Gaithersburg, Maryland 20760 @ Tel: (301) 948-3434 @ TWX: 710-828-9705 @ Los Angeles. Calif. Tet: {213} 47 


With all these features, 

and more, it's no wonder the 

Model 907 is the only choice for a low minimum loss, low 

SWR, boradband miniature continuously variable attenuator. 
Call or write us now for complete detailed specifications. 


probe (AN) 
simulators 
spectrometer (NL) 
varactors 


Tomorrow's Microwave Technology Today 
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Merrimac’s 


FLAT PACK TEAM 


Miniature Mixers, Quadrature Hybrids, 
and Power Dividers.... 


Now Merrimac offers a versatile lineup of 
miniature Flat Pack devices for mounting to 
stripline and printed circuit boards. These in- 
clude PDF-2A two-way power dividers covering 
the 2 to 200 MHz frequency range, the QHF-2A 
quadrature hybrids covering center frequencies 


from 5 to 160 MHz, and the DMF-2A broadband 
balanced mixers covering the 5 to 1500 MHz 
range. Individually or as a group, these devices 
are ideal for space, airborne, ground, or ship- 
board applications where high density pack- 
aging is required. 


....And How They Work Together 


These three Flat Pack devices can be 
combined to form a miniature phase compara- 
tor which is unambiguous over the 0°-360° 
phase difference range (see diagram): 


Two signals of the same frequency and 
amplitude, but differing in phase, are applied 
to the unknown and reference ports. A PDF-2A 
power divider splits the unknown input into 
two equal phase/equal amplitude signals. The 
reference input is split into two equal ampli- 
tude but quadrature-phased signals at the 
QHF-2A quadrature hybrid. Each DMF-2A mixer 
is then presented with two signals; the result- 
ing outputs represent, respectively, the sine 
and cosine of the phase difference. 








Block Diagram 
Typical Phase Comparator 


For more details on these or other Merrimac Flat Pack products, contact Merrimac today. 


MERRIMAC INDUSTRIES, INCORPORATED 


41 FAIRFIELD PLACE, WEST CALDWELL, N.J. 07006 « (201) 228-3890 
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The TWTA 
lightweight champion 
of the world. 





The Champ weighs in at 20 Ibs. Has the power solid-stdte power converter. All this covered by a one- ( 
to clobber mean microwave problems (power output, year, no-hour-limit warranty. 
10 or 20 watts; five frequency ranges, | to 18 GHz). With no flab, no excess bulk, The Champ gets 
And it's packed to go wherever the challenge is with Talconite|ait-imeelaal acme alelacel(ers mor applications. nalare} 
a regulated solid-state power supply, pooo--------------- 5 our bell for instant action. Electron Dynamics 


complete air-coolifg system and traveling- | Ma DI ATreta Ch OL ONVA Retailiroll=) Ze Ma Colarelaacn@r 
wave tube protected by a space-age HUGHES i 90509. (213) 534-2121, extension 125. 


Re me ste ce aes new nek sn poor ts 4 
HUGHES AIRCRAFT COMPANY 


ELECTRON DYNAMICS DIVISION 
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